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SUMMARY

This paper presents an analysis of a high speed compressed air missile

launching system, consisting of a reservoir, valve, and launch tube.

Sim—~

plifying assumptions are discussed and made, a model is determined, and its

numerical solution using FORTRAN is presented.

brief insights and recommendations pertinent to the system design.
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Notation

LAUNCHER GASDYNAMICS ANALYSIS

flask and barrel (tube) temp, °R

flask and barrel pressures, lbf/ft2

masses of gas in flask and barrel, slugs
internal energy per slug of gas in flask and tube, ft-1lb

distance from rear of tube to rear of missile, ft

cross-sectional areas of tube, valve, ft2

volume of flask, ft3
volume of barrel, ft3

specific volume (per slug), ft3/slug

zero subscripts are initial values, at t=0
time, sec

release force, lbf

ft-lbf
air gas constant, 53.3 1b °R
m
specific heat at constant pressure, units of R

specific heat at constant volume, units of R

mass of missile, slugs

velocity of missile, ft/sec.
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INTRODUCTION

In connection with the design of the missile launched ASW/Standoff Wea-
pon, the Engineering Branch of the Test Division, Fleet Engineering Depart-
ment, has been tasked to build a high speed launcher to test the weapon water
entry characteristics. Tentative design requirements include water entry
angles of 0° to 70° measured from vertical, and entry speeds up to 500 feet/
sec. The weapon is expected to be able to withstand accelerations of 300 gs,
and to weigh 800 pounds. These parameters, along with the missile geometry,

are those determining the design.

The present analysis was begun with the project already in possession of
several system components; thus the analysis was designed around the use of

those components. The project had taken advantage of an opportunity to

acquire two free surplus Polaris launch flasks and a free surplus Polaris

launch valve, and had purchased a 30-foot, 2800-psi launch tube. The present
work was undertaken with the goal of understanding the fundamental gasdynamics
of the system, in order to establish values for the remaining parameters and

to confirm the utility of the already acquired components.

The system to be analyzed consists of a launch flask connected by piping
to a valve, which is connected to the rear of the launch tube at the end
sealed by a breech door, behind the missile (Figure 1). When the valve opens,
air rushes from the flask through the valve and piping into the tube, and
pressure builds up behind the missile. A release mechanism trips at a certain
force and the missile rapidly accelerates out of the tube. The entire system
is to be mounted on a rack on a barge in such a manner that the water entry

angle can be suitably varied.

An initial literature search revealed that the problem is complex and has

not been solved. A somewhat similar system, the Variable Angle Launcher at

MR W
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Figure 1. High speed missile launching system (not to scale).




Morris Dam, was built in the 1940's and has yet to be accurately modeled.* It
also appeared to be significantly different in the areas of missile friction
and air escape. A Fixed Angle Launcher also once existed at Morris Dam; a
conversation with one of the designers indicated that fairly crude assumptions
were used in the design, and that they worked fairly accurately.** Both these
systems seemed to be significantly different from the present one, and tech
nical papers which covered in detail the gasdynamics design were not available
for either. One accurate theoretical model has been constructed by Dave
Nelson for a somewhat similar system, but its methods could not be directly
adapted, although it was useful in deciding the level of sophistication
necessary to achieve good accuracy. An analysis from fundamentals needed to

be completed; it constitutes the bulk of the remainder of this report.

There are three main portions of the system analysis. The first is an
analysis of approximations to be made in deciding upon a gasdynamics model;
the second, a mathematical analysis of that model; and the third, the nu-
merical solution of the simplified equations for model behavior. The analysis

was undertaken with the goal of achieving an accuracy of about 10%.
SYSTEM MODELING APPROXIMATIONS

Air is commonly taken to be a calorically perfect gas, but the high
pressures and moderate temperatures involved in this system create significant
deviations. Gamma, the ratio of specific heats, varies roughly from 1.4 to

1.6 for the states likely to be encountered in our system.1 The specific

* Discussion with Norm Wyman, Morris Dam branch head, May 1982.

** Hudson, Dr. Donald E., Professor of Applied Mechanics, Thomas Laboratory,
California Institute of Technology. Telephone conversation and portion of
out-of-print report.

1. Hilsenrath, et al., Tables of Thermal Properties of Gases, Washington,
D.C., National Bureau of Standards Circular 564, 1955.




heats at constant pressure and volume also vary significantly, although the

compressibility factor does not. Values of v, cp, and Cy of 1.5, 3.8R, and
2.5R were chosen as mean figures to k=« used so that the perfect gas approxi-~

mation would err by less than 10%. The perfect gas approximation was then

retained because of its great simplicity.

Conservation of energy and angular momentum were also to be assumed, and
it was therefore necessary to investigate which real system effects were
important enough to be included in the model. Energy balance considerations
were analyzed by relating the magnitude of the effect to the kinetic energy of
the exiting missile, which from the design requirements can be calculated as
3.1 x 106 ft-lbf, or 4000 Btus. It was desirable to conserve only the gas
internal energy and missile kinetic energy; thus it was necessary to neglect
piping air velocity head, heat transfer, the work involved in restraining
recoil, the restraint of earth gravity, missile friction losses, and air

escape.

The piping air velocity head could be approximately calculated from the

Bernoulli's equation term ggi, usingy for v (the velocity) a value calculated
through continuity (knowing the velocity at the choked valve from the ambient
temperature) and the approximate pipe dimensions. A maximum of 30 Btus was
obtained, which agreed with qualitative expectations for a pipe 6 feet long,

and which can easily be neglected.

Heat transfer was calculated using the General Electric Heat Transfer
Data Book2 method for convected flow in a cylinder. It appeared to be on the
order of 100 Btu/sec, which was sigﬁificant but neglectable. It also seemed
likely that heat transfer into the cooling flask (the calculated figure) would
roughly balance heat transfer out >f the tube. The rapid expansion assumption

of adiabaticity was therefore made.

2. GE Heat Transfer Data Book, General Electric Co., Schenectady, New York,

1977.
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Recoil was estimated from an angular momentum conservation using data for
the YD197 and assuming it was free to rotate in space. Even with this crude
method, one finds that the bow vertical velocity of the boat is less than 1
foot/sec, an insignificant energy drain as well as an insignificant momentum

drain.

The 1 g involved in earth gravity was very small compared to the 300 g's
anticipated for an acceleration peak and was therefore neglected. Gravity

induced-missile friction was likewise neglected.

A final factor which was more difficult to analyze was that of air escape
past the missile. Besides the obvious energy loss, there is also the question
of possible large friction effects from high pressure air forcing the missile
against the wall on one side. This problem was not well understood; a pusher
Plug with close-fitting sizing was incorporated into the design to eliminate

it.

Thus it was found allowable to conserve merely gas internal energy and
migssile kinetic energy, and to ignore the recoil. But it would also be neces-
sary to assume isentropic flow in the valve and flask. How accurate is this

assumption?

The first effect of friction and turbulence on the investigated flow is
that of the partial choking of pipe flow due to wall friction. Textbook flow
friction problems were not easily approximated to our case. However, the
indications available were that, for our case of short, large-diameter pipe,
the choking problem could be ignored as the pipe flow velocity was not nearly

sonic. This conclusion also makes qualitative sense.

A larger question involved in the entropy analysis was the effect of the
considerable turbulence in the valve upon the results of an isentropic valve
analysis. Because of the difficulty of the entropy concept, an error estimate

could not be determined. Dave Nelson's work was useful in indicating that the




isentropic assumption may be made with good accuracy. It is fortunately not
necessary to make any entropy assumptions about the highly turbulent tube

flow.

As a final step in the model definition, it was necessary to mathematic-
ally model the opening of the valve. Data from Polaris experiments, con-
sisting of a set of curves of effective valve opening versus time for various
flask pressures, were obtained from Westinghouse, the manufacturer.3 The
curves, obtained from choked flow experiments, were used for both choked and
unchoked flow, with uncertain but probably good accuracy. Tha2y were qua-

dratically fitted by hand to well within 10 percent.
MATHEMATICAL ANALYSIS

The mathematical model will conserve internal gas and kinetic missile
energies, assume an adiabatic system, ignore recoil, and assume frictionless
valve and flask flow. Air will be taken to be calorically perfect. Since the
valve flow is a complicated subsystem, it will be analyzed first, and then
conservation of energy, isentropic flask flow, and Newton's laws will be

applied to the system as a whole.

Applying conservation of mass, or continuity, to the valve flow, it is

found that

g% = pVA = constant, at any cross section . (1)

Applying conservation of energy to the flow from flask to valve

sz sz
+ — = —_
GCp'I‘f 2 GCpTV + >

3. Westinghouse Electric Company, Defense Group. Letter Number 82-GSO-108 of
29 April 1982 from G. Stephen Olmstead, and verbal communications wit.
Janton of the same group.
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where enthalpy is used to include pressure-volume energy considerations in the

flow. Rewriting this equation and neglecting flask velocities results in

/2ch('rf-'rv) =-vV . (2)

Finally, applying the second law and assuming frictionless flask-to-valve
flow

Tds = du + Pdv = 0 .

Using ideal gas laws, the following standard formulas can be derived, which

hold for any isentropic change of state:

v
v T R
2 2
=={F (3a)
1 1
S
P T R
2 2
== (3b)
Py 1
CV+R
-Pé = (2> ® (3¢c)
Py \T4
Cv
p P C.+R
2 2 v
—==\3 (34)
P4 1
9
EE R A A .‘.-_- e v e e v‘_. L, T e T . . ‘ R R
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If these three equations are reduced to one, it is found that

c
C.+R C.+R
ame Py [Py v Py v
— e —— —— - — ’
a " err, \F, Ay [26C T\ P, (4) A

which is the standard isentropic nozzle or valve equation. This flow has a .
maximum which is observed when the throat gas velocity becomes sonic. By
differentiating the above expression and setting it to 0, it was found that

the flow maximum in the choked state was

dmf Pf
EE— = - _EEEf Av Tf (29.6) (5)

with the unit system and perfect gas constants previously selected. The
critical pressure ratio below which the flow is choked is also found through

the above procedure, and is

Above this pressure ratio the mass flow rate remains constant and the
excess pressure disperses irreversibly through shock waves into the tube.
Below this ratio the first equation, (4), applies, and the valve pressure should
be approximately the tube pressure; the velocity head is assumed to be pri-
marily dispersed through turbulence into heat, although this is not quite

clear.

10




A total system analysis can now be started by applying the conservation

principles previously mentioned. From the first law

af(t)mf(t) + Gb(t)mb(t) + % mm(%f)2 = constant
= ﬁfomfo + Gbombo .
Substituting U = CVTG,
C T (t)m_(£)G + C,T, (t)m (£)G + 2+ m ()2 =g (T, m, +T . m ) . (7)
voE E vb' '™ 2 'm'at v fo fo T “bo bo

Applying Newton's Law to the tube,

The design was to hold the misgssile initially with a force-calibrated

breaking wire, which is represented as

F < Freleasez F= PbAb (8a)
2
d x
F > Frelease. PbAb = mm dtz . (Bb)

Applying conservation of mass

mf + mb = mfo * mbo (9a)
T.g = ﬂ * (9b)
dt dt

11
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Finally, assuming a constant flask volume and a reversible flask gas ex-

pansion, the following expression can be derived from equations (3),

mass

~Cy ~Cy

CV+R C_+R
= =z . 1
%1 (Pea) o (Peo) Ke (10

Collecting these equations and the ideal gas equation and eliminating

terms results in the following set of governing equations:

P ap v o
_b ( -.29) £ _ _ _£ 029 _ 29 71
Pf > .528 (0.26) Pf Vf prrons Av\/xf(Pf Pb ) Pb {(11a)
P dap
b £ 1 29
S < .528 Tl -PfAv VK P {(11b)
£ £f£
1
2.5vaf + 2.5vab + 5 KE ch('rfo fo t bombo) (12)
F< Frelease F= pbAb (13a)
2
d x
Frelease PbAb - mm 2 (13b)
dt
where
P_V
_ -.71 _ fo fo
Ke 2 MeoPeo and me . =GRt

12
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NUMERICAL SOLUTION

These equations completely simulate the flow. They may be combined, but
the result is a gsecond order nonlinear differential equation of a form which
does not have an analytical solution. It was therefore necessary to numer-
ically solve these equations. This was accomplished using FORTRAN on the
Univac 1100/82.

The Euler method was selected as a computer algorithm. It uses the
equation

= Y
Y41 dtlj bt ¥ ¥y

to calculate values for each unknown in a step from the values of the unknowns
in the previous step, using the initial conditions as a starting point. Step
size must be chosen carefully, but the problem proved to be insensitive to the
choice. It was not felt to be worth the effort involved to attempt to make
the program user-independent, thus the program is fairly simple. A typical
program is listed in Appendix A.

The program consists of a comment heading, parameter initialization, echo
print of initialization, a loop which calculates and prints values for each
iteration, and a series of DISSPLA plotting statements. The loop calculates
the values of the unknowns for each time increment using the initial condi-
tions and the Euler method mentioned above. The loop prints out data for the
first 100 iterations and every 100th thereafter, and halts when the missile
leaves the tube. Plots are then made of missile acceleration and velocity,
and of tube and flask pressure. Appendix B contains the plots corresponding
to the parameter choices contained in the program of Appendix A. The program
must be modified and recompiled for each parameter change, but the cost is not

excessive.

The program was tested for errors, and several were found and -orrected.

The loop calculation was checked by hand, and plot elements were checked

13
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against analytically derived expectations. Just as this report was being
completed, information about a similar launcher at the Naval Ordnance
Laboratory in Maryland was received.4 The program was tested against the
maximum muzzle velocity and missile masgs case given for their test-pond
launcher (Appendix C), which is a fairly well suited test case. The program
yields an exit velocity of 393 feet/sec, which closely approximates the ob-

served 380 feet/sec.
DESIGN RECOMMENDATIONS

The program was run with various parameter values and the results were
used for design input. It was found that the missile acceleration necessary
to reach the required high exit speeds quickly outran the ability of the gas
to flow through the valve, even if it was fully open, and so the pressure
dropped markedly (for example, see Appendix B). This results in a marked
acceleration drop, so that peak acceleration could pass the acceleration limit
without the exit velocity reaching the required minimum. This highly peaked
acceleration was found to be a function of both slow valve speed and small
flask volume. The system requirements and behavior differ markedly from those
of the submarine launching system for which the flask and valve were designed.

It is not possible to meet the requirements with a choked valve system such as

the Polaris system.

Analysis of computer runs with various parameter values leads, along with
physical reasoning, to the conclusion that it would be best to design the
system to approximate as closely as possible a simple piston-cylinder arrange-
ment. Thus it is recommended that the surplus Polaris equipment be discarded
as only marginally adequate, and a pressure vessel of much higher volume be
obtained, along with a valving arrangement which permits near instant and very

large opening.

4. Cole, Houston M., "Compressed Air Launchers," U. S. Naval Ordnance
Laboratory, White Oak, Maryland. NOLTR 68-191.
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@FTN,S FORTRAN.SMALLVAL
FIN 10R1A 07/13/82~-08:30(317) N T - - -

1. s+» THIS IS A PROGRAM TO SULVE THE SYSTEM OF DE'S INVOLVED
2. « IN THE GASDYNAMICS ANALYSIS OF THE MINIVAL
- 3. * WE USE A SIMPLE EULER M{THOC, SINCE COMPUTER TIME IS CHEAP,— - ~—— ———————"—— ¢
q. * WE ONLY NEED 2 DIGIT ACCURACY, AND OUR EQUATIONS APPEAR T2
5. * HAVE A IAIRLY SLOWLY VARYING “LRIVATIVE
DY - S T s - - - —
7. «xs ALL WORKING UNITS ARE IN FOOT~POUNDSFORCE~-SLUCS SYSTEM .
8. .
- ST T @, T TOUR THNDEPENDENT VARIABLE IS TIME, T -m- e e s e e -
10. #+x WE 100X NUR TIME DIVISIONS WITH THE INTUGER |,
11. “nx ANO STORE THE VALUESY NF FLASK PRESSURE It AFRAY PFLASK,
R 12.7 a4k THT VALUES OF BARREL (O TUBE) PRESSURE N ARRAY pPTUBE, ——— —--—— - o
13. *kw THi VALUES OF MISSILE DISLLACEMENT FRCY THE REAR wALL IN ARRAY X,
14. e THi. VALUES OF MISSILE VELOCITY IN ARRALY »DOT,
15, «s4  ANT THE VALUES GF MISSILE ACCELERATICN iN ARRAY VELCOT,—~—== —==—=———=————
16. -
17. «x% THE «1DTH OF A TIME DIVISICH 1S W,
18. »rdk ANT THE TOTAL TIME EIAPSED AT POSITION 1 TS W&l = T~ oo - ommoom s e
19. rrx THE VALVE OPENING ARFA (s DISCRIBED BY THE FU'.CTION AVALVE
20. wxx THE CURREMNT MXSSI'E FOQROT 1S STOWED IN THEY VARIABLE FCRCE
21.  «+* THE WISSTLE RELEAST FO“CE IS CUNTALINFD IN THE VARIABLE LETGE ——— v - - ===
22. #vv THE INITLAL FLASK PRES:VIHE IS5 CONTAINLCD IN fHE VARIABLE PFZERD
23. +xx THE MISSILE MASS IS CONTAINED IN THE VARIZGLE MIMASS
TT 24,77 »«4% THE TINE DERIVATIVE OF THE FLASK PRESSURE IS CONTAINED IN ———— ——= === - -~
25. * THE VAR[{ABLE PFDOT
26. »
T T 27.77 sww THE TQUATIONS CONTAIN VARIOUS CONSTANTS UM WE CALCULATE EXPLICITLY =4~ ~~7~
28. 1a%  WE CALL THE ENERGY EQUATION CONSTAMT KgEh-OY
20 xxe  WE (ALL THE FLASK FXPANLION CONSTA MT KFLASK
- - 30 sek  WE CALL THZ INITIAL FLASK ALIR MAGS MASSFI - 7 -7 70 o7 ommmr rmr e o wes e mmmme o
31. ra* AND THE INITIAL TuBCZ Al& MASS Masst]
32. *+#+ CALL THE INITIAL TUBE i-RESSURE PTU3E(0)
o 33. 77 «%% 7 ANLD THE TUBE CROSS~SICTIGNAL AREA ATUDE ~— 7" = - 7w  ommomomosomssmremrmens = oo
34. o m THLSE ARE CALCULATED FROWM INITIAL CONDITIONS WHICH ARE BASIC:
35. et THE FLASK VOLUME IS CONIAINED IN VFLASK
TOTTTTOTT 3B.7  Twa% T THE INITIAL SYSTEM TEMPERATURE IS CONTAINED IN TEMPO—— — —=--———— ===
37. a“x® THE AIR GAS CCONSTANT IS CGNTAINED N I
38. e THE VALUE OF GRAVITATIONAL ACCEL. IS C = 32 2 FT/SEC2
e e 3q ey e BRIt R STt e e e
40. wex THE FOLLOWING VARIABLES ARE USED FGR LOGICAL FURPOSES *
41. *
T 42, T %&% T THE VARIABLE GONE IS USED TO TEST FOR “HETHER THE SISSItg~——~- - -~ = - =~
43. «=% 1S 51111 HELD OR NOT
44, ux THHE VARIABLE PJIECE 1S USED TO SPLIT THE UNCHOKED FFDOT
Tt o 45. T aa*  EQUATICON INTO TwWO PIE7CS FOR EASE OF CA{TULATION AND T2 BASILY ™ -~ s
46 . »x* CHELK [F THE SQUARE RJOT iS5 NEGATIVE (PTUSBE > PFLASK ANOMALY)
47. T ] THE VARIABLE QUIT IS 4SED TO TELL THE »! OTTER WHEN
48, "TUF447 TO QUIT PLOTTING THE POINTS OF THE ARRAVS® - T T s
49, »
50. REAL KEFENRGY ,KFLASK
TUTTTTTT B T T T REAY. VPLASK,TEMPO - TTTT T T T T s T e e
52. REAL R/53.3/.G/32.2/
53. REAL MASSTI,MASSFI1 *
-~ §g.- - ——— REAL"ATUBE e e . e e e o
55. »
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56. #s* DECLARE THE VARIABLE TYPES
‘570 ~ REAL PFLASK (0:3000) -
58. REAL PTYBE (0:3000)
59. REAL XDOT (0:3000)
- TTTCT B0, T REALTVELDOT (0:3000) T - T -
61. REAL X (0:3000)
62. REAL TAU (0 3000)
- 63. TT" REAI” FORCE" oo T
64. REAL PFDOT
65. REAL PIECE
T TTTTTTTEE.TTT 7T LOAICAL GONEC ¢ T T mmmmmemmmmmem o —
67. + THIS IS A VARIABLE TO TEST FOR PREVICUS MISSILE RELEASE
€8. =« IF GONE = .FALSE. THEN MISSILE HAS NOT BEEN RELEASED
- T 89,7 "% IF GONE = .TRUE. THEN MISSILE HAS BEEN RITLCASED AND CANKOT-BL—AGAIN HELD — ——
70. *
71. REAI. MIMASS, LETGO
T TTTTT 92, T T REAL TLW s e
73. INIEGER I, N,QUIT
74. t*t-ttt lNlTlALIZE STEPSIZE AND NUMBER OF STEPS T AEeS
" IR 4 - T ) -
76. W - 0.0001
77. N = 2980
- 78. P . U
79. sxnskhdat INITIALIZE
80. *x WHEN CHANGE INITIAL VALUES REMEMBER TO CHANGE FLOT MESSAGES ALSO! ! =
- DR - § R T S oo st
82. MIVASS = 800/32.2
83. PFLASK(O) = 1200+*144
TTTTT 84T TUTTTTTTUPTURE(D) = 14.7%144 T T
85, XpuT(0) = 0.0
86. VEIDOT(0) = 0.0
fmm e gyl e (0Y = 2.0 Y i . -
88. LEICGO = 160000
89. GONE = FALSE
mm e g8 g m e -
91. S nkkEn lthIALIZE BASIC CUNSTANTS e
92. VFLASK = 31.5
83. TEMFO“E 520.0 T T -
94, ATULE = 3.1416¢«( B.5-*2 )/144 0
95. MASSFL = (PFLASK(0)sVFLASK)/(R*G«TEMPO)
TTTTUTTTT 8B, T TTUMASSTICE (PTUBE{0)#X(0)#ATUBE)/(RGETENPUT e
97. KEITRGY = G+2.5+R+TEMPO+ (NMASSFI + MASSTI)
98. KFLASK = MASSFI / (PFLASK({0)**0,71)
— 9g. "% —— C S
100. *x% WRITE THE VALUES OF THEt BASIC PARA'ETERS +=+=
101. *
T 402, 7T T T TUWRITE (6,11) VFLASK, TrMP ) e
103. 11 FORMAT(1X, 'FLASK vuLJwE 1s '.Fs 1,5X, 'INITIAL TEWP ',FS 1)
104. WRITE (6,12) ATUBE
105,712 7"  TFORMAT(1X,'THE TUBlr CROSS-SECTION 1S°*.75.3,' SQUARE-FCET*y ————"——~— o
106. WRITE (6.10) PFLASK(Ol/!44-0.MIMASS*32.2 LETGO
107. 10 FORMAT('O','PFLASK!O) IS ',E14.8,' PSI' 5x.'MIMAas 15,L8
; 108, "~ ~CE14.8,5X, 'LETGO IS '.E14.8,3K,‘POUNDS FORCE'}™ "™ -
109. WRITE (6,13) MASSFI, LASSTI
110. 13 FORMAT(1X, 'MASSFI 15',E14.8,5X, 'MASSTI I1s ‘.514 8)
- 111.° T "WRITE (6,14) KENRGY,KFLASK ~— - -~ Tttt TTT T T T e
112. 14 FORMAT(1X, 'KENRGY IS ',E14.8,5X,'KFLASK IS ',E14.6)




L5 ama s 00 4

-

s
“Tet

Chak 2ut
o

s o
DALY

LA el
.

g LN
oo RIS

et PRREEY
K AN A .

l

R

RN
.

o

'

'

t

'
i

{ ! H H .
N‘-‘”N_”NNNNN)UUUQUNMMD&)NNNND\)-‘”‘NMM””NMMN-‘-'d-ﬁ-‘d-ﬂ-‘-.-‘-"-‘

113. x s

114,77 sxs*nd»s BEGIN ITERATION
115, «s* WE CALCULATE AND WRITE VALUES FOR EACH TIME INCREMENT *
116. #++ AND THEN LOOP BACK TO HERE TO BEGIN A NEW INCREMENT =

- 117, 10
118. DO 100 1 = O,N
_ 119, T = IsW

120. * ’ Ty T -
121. ¢+% CHECK FOR OUT OF BOUND VALUES #*x*
122. *
123, IF T PFLASK(IY#**0.29/ (RFUASRAVFLASKY . LV.- 0.0 ) STOP "SORY OF —
124, C CHOKED FLOW PFDOT EQN IS NEG'
125, b

T 126, seessexe STORE THE VALUES OF'T FOR PLOY PURPOSES +====# -
127. TAU(L) = T

o 128. _»*»
129. svd===s SET THE VALVE OPENING VALUE #¥===% -
130. .

" 438, * (FIND IFf FLOW IS CHOKED CR NOT) AND THEN WRITE THE INFU s*=

131. ____IF_(T .LT. 0.65) THEN

132, TTTAVALVE = 0.44#(TX22) ¥ 0.02-T + 0.02 T
133. ELSE

134. _ AVALVE = 0.26
135. END IF e e e e e =
136. *

137. ss#===% SET THE VALUE OF PFCOT FOR THIS ITERATION #==—=x

139. .
140, _ss#swexs  CHOKED VALVE FLOW *#*s*s
141, * oo
142. IF (PTUBE(1)/PFLASK(I) .LE. 0.528) THEN
143. ~ PFDOT = =1+PFLASK!I) » AVALVE «
144, C SJIRT{ PFLASK(1)++0.29/({KFLASK*VFLASK) ] D -
145. IF (! .LE. 100 .OR. MOD(1,100) .EQ. 0) WRITE (6.171)
146. __17% __ FORMAT('0','THE VALVE IS CHOKED')
147. ELSE T o -
148. IEE211T UNCHOKED VALVE FLOW rx#=
149, *

|

4
)
H

|

|
'
1

i
.
1

"150.  ms==<=== v DIVIDE UP PFDOT 'INTO TWO P1ECES -
151. +AND TEST FOR CORRECT ARGU.ENT »

152, - PICCE = (PFLASK(I)**0.29 = PTUBE(I)**0.29)/(VFLASK*KFLASK)
153. IF (PIECE .LT. Q) THEN' T T -
154. WRITE (€,17) PIECE
155. 17 FORMAT(1X,'PIECE HAS THE VALUE ',E14.4,' AND HAS BEEN SET T0 0')
156. PIECE = 0 T T T T T T
157. END IF
158, _ #wmemmwooois
159. PFDOT = =3.8+AVALVE+ (PFLASK{1)=»0.29) +(PYUBE(T)+*0.7T) ~ —~~ 7~
160. C SQRT( PILECE )
181.____1F (1 .LE. 100 .OR, MOD(I,100) .EQ. 0) WRITE (6.170)
162. 170 FORMAT('0','THE VALVE IS UNCHCREL'] ~—~ 7~~~ — 77~
163. END [F
164, v
165. saenesas 15 MISSILE HELD OR RELEASED? 3% ™7 77
166. *
167, FORCE = PTUBE(I)#ATUBE
168. 1F (FORCE .LE. LETGO .AND, TGONE "UNEQV. TRUE.)) THEN — 7~ — 777" 7~ 77

169. VELDOT(I) = 0.0




'

170. IF (1 .LE, 100 .OR, MOD(1,100) .EQ. 0) wWRITE (€,105)
171, 10% TTTTFORMAT{I X, 'THE MISSILE" IS STITU HELD™) ™
172, ELSE
173. VELDOT(I) = FORCE,/MIMASS
174, TTTTTTTTTTUUTTGONE 2 L TRUE. - o
175. IF (1 .LE. 100 .OR. MOoD(I,100) .EQ. 0) wWRITE (6,108)
176. 106 FORMAT (1X, 'THE MISSILE IS FREE AND ACCELERATING')
177. TENDTIFTT T
178 *
179 ss«s*s CALCULATE THE NEW VALUES FOR THE NEXT TIMZ INCREMENT ==
180.  # USING A 5iMPLE YNEW = vyOLD 4+ DY/DT*DELTA=T TYPE OF FORMULA =+~
181 YR
182 PFLASK(I+1) = PFLASK(I) + PFDOT«w
TTTOo483. TTUTTTTTTUOX(THIY 2 X({1) + XDOT(I)*W T )
184. XDOT(1+1) = XDOT(I) + VELDOT(!)=*w
185 PTUBE(I+1) = ( KENRGY - ( O0.5*MIMASS*( XDOT(I+1)*«2 ) ) -
D 11 C (2.5+PFLASK(I+1)*VFLASK) )/ (2.5-K(I+17~*A1UBE)
187 .
188, ssnsesss WRITE THE CALCULATED RESULTS »vs
777 189,77 4T ONLY FUR THE FIRST 100 ITERATIONS AND EVERY 100TH THEREAFTER +
190. *
) 191. .
R 1T P TLE (T JLE. 100 .OR. MOD(I,100) (EQ. O) THEN
193. *
194, _ WRITE (6,108) 144*AVALVE
195,77 771087 7 tORMAT(1X,'THE VALVE OPENING SIZE TS (SQRIN)Y T,E12.8]
196. WRITE (6,109) I,T
197, 109 FORMAT(1X.'THIS IS THE CALC FOR POSITION ',15,5X,'TIME ',E14.8)
198. 7 T T WRITE (6,110) PFLASK(1}/144; PTUBE(II/144
199. 110 FORMAT(1X, 'FLASK PHESSURE IS,PSI,',E14.8,5X,'TUBE PRESSURE IS’
__200. C,E14.8)
201, T 7T WRITE (6,111) X{1),XCOT{I),VELDOTTIYT — — ~—
202. 119 FORMAT(1X,'X IS',E14.8,5X,'XDOT IS ',t14.¢,5X,'VELDDT IS
203.  CE14.8,'UNITS OF FT,SEC')
204, WRITE (6,112) FORCE ~— —
205. 112 FORMAT(1X,'FORCE = ',E14.8,3X, ' POUNDSFORCE')
206. »
207. TEND TR TTTT T -
208. *
___209. sassssss CHECK FOR ERRORS AND OUT GF BOUND VALUES #»=»
210. - . Tt
211, IF ( X(I) .GT. 30.0 ) THEN
212. WRITE (6,147) XDOT(I)
213,747 T FORMAT(Y 0!, tex o vs Y TFINALTVELDCTITY 15T ET4.B, T FT,3ECT)
214. WRITE (6,148) x(l) PTUBE(I)/144.0,PFLASK(I)/144-0
215. 148 FORMAT(1X,'X= ' E14.8,5X,'PTUBE= ',E14.8,5X, 'PFLASK= ',
216, T CETZ.E, ' pSLY) T T
217. WRITE (6,146) 1,T
218. 146 FORMAT(1X,'I 15' 15.5x.‘T IS ',€14.8)
219, 7T "7 Go 10 180 o T -
220. * *EXIT THE LOOP=x
221. END IF
T 2227 T 7 1P (TPTUBE({Y) LY. 6.0 J STOP T THALTRDUMP-PTUBE IS NEGATIVE"
223. CALL OVUNFL(L)
224, IF (L .NE. 2) STOP 'OVER OR UNDERFLOW HAS OCCURRED'
7T 228 T Aekss STORYTTHE VALUE OF 1 FOR PLOT PURPOSES +#% ™ —° .
226. QUIT = |
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1 227. »
7 228, 160" "CONTINUE—
1 229. savesess PLOT THE DATA #x=
1 230. *% THIS PLOTTING PORTION USES DISSPLA
47T 2317 w7 1T 1S NECESSARY TO LIB N:ADISSPLA
1 232. *+« FOR REFERENCE SEE THE DISSPLA BEGINNERS MANUAL
1 233. *
1 234. * - - o
1 235. «»% CONVERT THE PRESSURES TQ PSI FOR PLOT PURPOSES **=
236. 150 DO 200 1 = O,QUIT
S 237, PTUBE{T) = PTUBE(1)/134°0
1 238, PFLASK(I) = PFLASK(I)/144,0
1 239. 200  CONTINUE
'”1' - 240,-—“" o - Tt T/
1 241. *«% CONVERT THE ACCELERATIGNS TO G'S FOR PLOT PURFOSES #**
242, 00O 300 1 = O,QUIT
T 243.” VELDOT(1) = VELDOT(I?/32.?'“"'
1 244, 300  CONTINUE
Vv 245, »
o 246. T CALLL BGNPL(i) T T
247. CALL TITLE('PRESSURE CHARACTERISTICSS',100,'TIME, IN SEC',12
L 248. C'TUBE AND FLASK PRESSURE, IN PSI$',100,6.0,6.0)
249. " CALL GRAF({0.0,0.04,0.40,0.0,200.0,1600.07 -
250. CALL MESSAG(' MISSILE MASS 800 LB8%.LETGO 160,000 LB83%',100,0.3,0.3)
251. CALL CURVE(TAU.PTUBE.QUIT,+25)
252. CALL'CURVE(TAU,PFLAsk.oUIT]+25)’“‘
253. CALL ENDPL(1)
o 254, CALL BGNPL(2)
255. “CALL TITLE('MISSILE VELOCITY', 16, " DISPLACEMENT, FEETYS .00,
256. c'veLociry, FEET/SECS',100,6.0,8.0)
Y 257. _ CALL MESSAG('(800 LB, 1200 PSI)$',100,0.8,C.3)
258. CALL GRAF{0.0,5.0,35.0,0.0,50.0, foo 0)
259. CALL CURVE(X, xoor QuUIT,0)
__.. 260, __ CALL ENDPL(2) )
261. T "CALL BGNPL(3) TTTTTT T T I
262. CALL TITLE('MISSILE ACCELERATIONS',100,'TIME, SEC*',9
263. C'MISSILE ACCELERATION, G$',100,6.0,8.0)
264. CALL GRAF(0.0,0.04,0.40,0.0,50.0, 460" 01 -
265. CALL MESSAG(' (aoo LB, 1200 PSI)S' 100,0.3,C.3)
_______ 266. CALL CURVE(TAU.VELDOT,QUIT,C)
267. “CALL ENDPL(3)
268. CALL DONEPL
—__ 269, _STOP_'REACHED END OF PROGRAM'
270. [ 7o 2 - N
-
o END FTN 414 IBANK 18736 DBANK
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PRESSURE CHARACTERISTICS

TUBE AND FLASK PRESSURE, IN PSI
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@FTN,S FORTRANM.SMALLVAL
FTN 1OR1A 07/265/82-09:59(34,) e
1. v+#v THIS 1S A FROGRAM TO SOLVE THE SYSTEM OF ZE€'5 INVOLVED
2. *+ IN THE GASDYNAMICS ANALYSIS OF THE MINIVAL
3. » WE USE A SIMPLE EULER METHON. SIHCE COMPUTER TIME I§ cHEAP, — "~~~ 77° - -
4. s WE OMLY NEED 2 DIGIT ACCURACY, AND DUR EQUATIONS APPEAR TO
5. + HAVE A FAIRLY SLOWLY VARYING DERIVATIVE,
o . e -
e 7. ww e ALL WORKING UNITS ARE IN FOOT-FOUNCAFORCE-SLULGS SYSTEN -
- €. -
- 9. v++ OUR INDEPENDENT VARIABLE IS VIMI, T - S
e 10. *vi WE INDEZ QUR TINML DIVISIONS WifH THE INTLCER 1,
N 11 “ww AND STORE THE VYALUES OF FLASK PRELGURE IN AFRAY PFLASK,
12. e THE YALUES OF BARREL (OR TURE) PRL3GURE 1N fRRAY PIUBE, o
13. >t THE VALUES OF K'I3SILE OISPLACEME'IT FROIL THE REAR WALL IN ARRAY X,
14. e THE VALUES OF MISSILE VELOCITY IN ARRAY XGLOY,
15. ‘e AND THE VALUES OF MISSILE ACCELERATION IN AKRAY VELDOT. - -
16. .
17. =2t Ti€ WILTH OF A TIME DIVISION IS W,
18. oo AND THE TOTAL TIME ELAPSED AT POUOSITION 1 'S We¢l = T N T
19. sv* THE VALVE OQPENING AREA 1S DESCRIBED BY THE FUNLCTION AVALVE
20 . vey TME CUPRENT MISSILE FRRCE IS STORED IN Tide VARIABLE FORCE
21. sev IHE M13SILE RELEASE FQRCE IS CONTAINED IN THE VARIABLE LETGO ™~ )
22. ser THE INTTIAL FLASK PRESSURE IS CONTAINED IN THE VARIARLE PFZERD
23. »=+ THE WISSI.E MASS IS5 CONTAINED IN THE VAR!ABLE MIMASS
24. wxo% THE Ti"F DERIVATIVE OF THE F!)ASK PRESSURE IS CONTAINED IN T
Z5. + THE VARIABLE PFDGT
26. * . o
27. sxv THE EQUATIONS CONTAIN VARIOUS CONSTANMIS -wicH WE CALCULATE EXPLICITLY + ~
29, ss* WE CALL THE ENERCY EQUATION COMSTANT KENKGY
29, #es WE CALL THE FLASK EXPANSIOUN CONSTAMT KFLASK
30. »+# WE CALL THE IN{7iAL FLASK AiR MASS MASS®] o B i
3t. e AND THE INITIAL TUZE AIR F'ASS NASSTI
32. »e+  CALL THE INITIAL 1UBE PRESSURE PTURE(D)
33. fwv AlD THE TUPE CRISS5-SECTIO AL ARCA ATy T T oo
34. aw THEST ARE CA!CULATED ¥RCM INITIAY CONDiTIONS WHICH ARE BASIC:
_ 35. *ax THE FLASK VOLUNME IS CONTAINED ir VFLASA
36. oy THE INITIAL S STEW TEMPZRATURE [S CONTAINED IN TEMFO T
37. i x THE AIR GAS CONSTANT IS CUNTAINED IN R
28. caw THE VALUE OF CRAVITATIONAL ACCEL. IS G = 32.2 FT/5°C2
3s5. s )
10. se» THE FOLLOWINMG VARIABLES ARE USED FOR LOGICAL FURPQOSES ¢
a5, -
a2. Y THE VARIASLE GONE 15 USED TO0 FTEST FOR whiZTpER THE UISSItE 777
43. e I35 STILL KELD OR NOT v
qa. res THE VARIABLE PIECE IS USED TO SPLIT Tre ONLHOKED »#5GT
a5, wex  EQUATICM SHTO TS0 PIECES FOR EASE 45F CALLU-ATION ANU 10 EASILY
2a. i1 CHECK 1F TS SQJUART ROGT IS NEGATIVE (PTLUDE » SFLASK AWDaLy)
a7. sy THL VARIAGLE QUIT 1S USED 70 TELL THE PLOTTER WHEN
45, wx+ 1O SULIT PLOTTING THE POLKTS UF THE ARA.vH T .
42. -
50. REAL KENFGY.KFLASK
51, REAL VFLASAK,TEWPO T T Tt T
52. REAL R/53.3/,5,32.2/
53, REAL (MASSTI,MASSFI -
59. REAI. ATUBE )
55. ’
Cc=-2
A A S ) N T SR R s e RN AN AR U T P




LA i St e B R T T T e ST W T Te ., b i A I el Ake S Y AT i e anie SR B Sy

,
P

UL LAY

PP

56. _ »»% DECLARE THF VARIABLE TYPES

. Coem e e e —— e e e e o e i o e

57. REAL PFLASK (0:3000) TT T T e s e - T
58. REAL PTYBE (0:3000)
59. _ REAL xDOT (£:2000)
60. REAL VELLOT (0:3000) T ot N I
61. REAL X (€:3000)
62. REAL TAU (0:3000)
v 63. RCAL 1OALE TTTUTIUTT T T memmmnoemsnis o onieoes
- 64. REAL PFDOT
N ) . 8%. RES'. PIECE
. 66. LOG!CAL GONE B T T T e e
P 87. + THIS IS A VARIABLE TO TEST FOR PREVICUS MISSILE RELEASE
.- 63. * IF GONE = .FALSE. THEN MISSILE HAS NOT BEEN RELEASED
~ €9. « IF GONF = .TRUE. THEN MISSILE HAS BEEN RELEASED AND CANNOT BL AGAIN HELD
. 70. »
b 7. REAL MIMASS,LETGO
72. REAL T, - T T Tom e
o 73. INTEGER 1,N,QUIT
~ 74. seswass (NITIALIZE STEPSIZE AND NUMBER OF STEPS wexesse
- 75. * e e -
o 76. # = 0.0001
e 77. N = 2980
N 78. + - - ST Tms s mees
’ 79. ssansrexst INITIALIZE
o 80. *+ WHEN CHANCE INITIAL VALUES REMEMBER TO CHANGE FLOT MESSAGES ALSO!!=
o 81, .l . ) SALES ALSUL:* L
g 82. MINMASS = 500/32.2
83. PFLASK(Q) = 1000+144
. 84, PTURL(0) = 14,7+144 - - o T -
- HS Xpar1(9) = 0.€
86. VELLOTIO) = 0.0
- 87. X(3) ~ 0.3 T T s -
- 88. LETSQ = 0.0
- 89. . GONE = ,FALSE e )
.. 990. .
r 91, mesvness [N TIALIZE BASIC COMSTANTS =+«
L 92, VFLASK = 8.H87
» 3. TE~ 0 = §2C.0 T T T e
94, ATUSE = 3.1413«( 7.2¢42 )/131.0
axd 95. MA N SFT = (FFLASK(O)SVFLASK '/ (R*G«TEMPQ:
- 95 . A~ Ti = (PTUBLIC)X(0)»ATUZEN/(R-GrTELRD) - T T
3 97, KENHGY = Gr2.5-ReTEMPO (MESSE] o MASST1)
-7 SH. KFLASK = MASSEL / (PFLASK(W)¢=0.71)
g9. 4 - -
» 100. vv+ WRITZ THE VALUES OF Ti{E BASIC PARAVFTERS - =+
121, .
102. WRITE (6,11) VFLASK,TEAPO - -
- 103. 11 PORMATOIX, 'FLASK VOLUME S ',F5.1,5X, 'INITIAL TEWMP *',FS5.1}
- 104, WRITE (6,12) ATULRE
o 105. 12 FORMAT(1X,'THE TUBE CROSS-SECTICN IS ',F5.3,' SQUARE FEEY') ~—~ 7
N . 106. WRITE (6,1C) PFLASK(0)/1443.0,MIMASS-32..,LE1GO
N 107. 10 FOSIAT( 'O, "PFLASK{O) IS ',E14.9,' PS1°,5x, ‘MIMASS IS, LBM*,
. 108. CE14.8,5X,'LETG0 1S ',E14.8,3X, 'POUNDS FCRCT') CoTm o T mm e
-, 109, WRITE (6,13) MASSFI MASSTI
- . 110. 13 FORMAT{ 1%, '"MASLSFI IS',E14.8,5X, 'MASST] IS '.E14.8)
g 111, WRITE (G, t4) KENRGY,KFLASK
< 112, 14 FORMAT{1X, 'KENRGY IS ',E14.8B,5X, 'KFLASK IS ',E14.6)
»




113.
114,

115.
116.
117.

) 118.
. '19.

. 120.
% 121.

122.
123.
124.
125.
126.
127.
128.
129,
130.
131,
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144,
145.
146.
147.
148.

RIRER

50.
151,
152,
153.

155,
156.
157.
158,
159.
1690.
161.
162.
163.

165.

168.
169.

N2 PRANVORUNONWRWRWRINRONRNPODODRONRDRKNNAOSRONNRNNONONRODODNDN = = b b oot oob oot =t ot =b =t

_wx+ AND THEN LOOP BACK TO HERE TO BEGIN A NEW INCREMENT »

*

%

. 149, .

154.

164. .

166.
167.

Y
sxs=evee BEGIN ITERATION
w+* WE CALCULATE AND WRITE VALUES FOR EACH TIME INCREMENT »

L X B J

DO 100 1 = O,N
T = 1~w

»
sx+ CHECK FOR OUT OF BOUND VALUES *#*=*

IF ( PFLASK(1)**0.29/(KFLASK*VFLASK) [LT. 0.0 ) 'sTOP "SQRT GF
C CHOKED FLOW PFDOT EQN IS NEG'

*
wsssassrs STORE THE VALUES OF T FOR PLOT PURPOSES #—=——w
TAU(L) = T

#x¥===% SET THE VALVE OPENING VALUE ¥=-==
L4
1F (7 .LT. 0.0) THEN e e e e e
AVALVE = 0.44+(T*x2) + 0.02+T + 0.02
ELSE
AVALVE = 3.14%25/144
END IF

sxt===t SET THE VALUE OF PFDOT FOR THIS ITERATION t===% .
+ (FIND IF FLOW IS CHOKEL OR NOT) AND THEN WRITE THE INFO s+%

I T T CHOKED VALVE FLOW #=%*«

'S

IF (PTUBE(1)/PFLASK{Il) .LE. 0.528) THEN
PFDOT = =1¢PFLASK(I) = AVALVE - o
C SQRT({ FFLASK(1)++C.29/(KFLASK*VFLASK) )
IF (1 .LE. 100 .OR. MOD(I,100) .EQ. 0) WRITE (G,171)
171 FORMAT('0', ' THE VALVE 15 CHOKED')_
ELSE
sessessns  UNCHOKED VALVE FLOW ***s

e ——— ++ DIVIDE UP PFDOT INTO TWO PIECES +
*AND TEST FOR CORRECT ARGUVENT =+
PIECE = (PFLASK(1)*¢0.29 ~ PTUBE(1)~*0,29)/(VFLASKtKFLASR)
IF (PIECE .LT. 0) THEN
WRITE (6,17) PIECE

17 . FORMAT(1X,'PIECE HAS THE VALUE ',E14.8,' AND HAS BEEN SET T0.0') .
PIECE = 0
END IF
Bk - o - - - - e me - - - PR
PFOGT = =3.8+AVALVE* (PFLASK(I)**0.29) +(FTUBE:{1)*+0.71) =«

C SQRT( PILECE )
IF (I .LE. 100 .OR. MOC(1,100) .EQ. 0) WRITE (6,170) _

T 170 FORMAT('0','THE VALVE IS UNCHOKEL")

END IF

r
esxwsrens |5 MISSILE HELD OR RELEASED? s»«

»

FORCE = PTUBE(1)*ATUBE R I
IF (FORCE .LE. LETGO .AND. (GONE .NEQV. .TRUE.)) THEN
VELDOT(I) = 0.0

Cc-4
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170.

7.

172.
173.

174, 77

175.

176. _

178.
179.
180.
181,
182.
183.
184.
185.
186.
187.
188.
189.
190.
194,
192.
193.
194.
1¢5.
196.
197.
198.
199.
2C0.

201.

202.
203.
204.
295,
206.
207.
208.
209.
210.
211,
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.

222.

223.
224.
225.
226.

Ti68 © T FORMAT(1X,'THE MISSILE IS STILL HELD')

IF (1 .LE. 100 .OR. MOD(I,100) .EQ. 0) WRITE (8,105)

ELSE
VELDST(1) - FORCE/MIMASS
GOME = .TRUE. ' o
IF (1 .LE. 100 .OR. MOD(I,100) .EQ. 0) WRITE (6,106)
106 FORMAT(1X,'THE MISSILE IS FREE AND ACCELERATING')
END IF T o

*
*sksx CALCULATE THE NCW VALUES FUR THE NEXT TIME INCREMENT ¢

"7+ USING A SIMPLE YNEW = YOLD + DY/DT-DELTA=Y TVPE OF FORWULA %%~~~

* 2k ok
PFLASK(I+1) = PFLASK(I) + PFDOT=W
X(I+1) = X(1) + XDOT(1)+w
XDOT(I+1) = XDOT(I) + VELDCT(I)*w
PTUBE(I+1) = ( KENRGY - ( O0.5»MIVASS«( XDOT(I+1)*s2 ) ) -
C (2.5*PFLASK(I+1)j*VFLASK) 1 / {2.5«X{1+1)*ATUBE) ~ ~ ~—~—~—~ -~~~

*
vesnxsss WRITE THE CALCULATED RESULTS =#~

» ONLY FOR THE FIRST 100 ITERATIONS AND EVERY 100TH THEREAFTER « ————~— —
»

IF (1 .LE. 100 .OR. MOD(I,100) .€Q. 0) "THEN

»

WRITE (6,108) 144~AvALVE

108 FORMAT(1X, 'THE VALVE OPENING S1ZE IS TSQrRIN) ',E04. 8y~~~ ———7
WRITE (6,109) I.,T7

109 FORMAT(1X,'TiH:iS IS THE CALC FOR POSITION *,I5,5X.'TIME ',E14.8)
WRITE (6K,110) PFLASK(I)/144, PTUBE(1),/ia4 ~~ ~ ~ "~ ——7—=—7=" -

110 FORMAT(1X, 'FLASK PRESSURC IS,PSI,',E14.8,5X,'TUBE PRESSURE IS'
C,E14.8)
WRITE (6,111) X{I1),xDOT(1).VELOOT(1) Tt -

111 FORMAT(1X%,'X IS',E14.€8,5X,'XDOT IS ' ,Et4.p,5X,'VELDOT IS ',

CE14.8,'UNITS OF FT,SEC')

WRITE (6.112) FORCE )
112 FORMAT(1X,'FORCE = ',E14.8,3X, 'FOUNDSFORCE ")
*

END 1IF
*

sxswsess CHECK FOR ERRORS AND OUT OF BOUND V/ALUES se+
*

IF ( %{I1) .GT. 19.98 ) THEN
WRITE (6,147) XDOT(I)

147 FORWAT('O',"svess! 'FINAL VELOCITY IS ' E14,8." FI/SECTY "7 77
WRITE (6,148) X(1},PTUSE(I)/144.0,FFLLSK(I)/144.0
148 FOIMAT(1x, Xz ', E14.8,5%, PTUBZ= ', E14.8,5K, ' PFLASK= ',

CEt1a.8,' PS1') o e~
WRITE (€,146) 1,7

148 FORMAT($X,'I 15',I5,5%,'T 1S ' £:i4.8)
) GO TG 150 o T T T
- *EXIT THE LOCP~*

END IF

IF § PYUSE(I) .LT. 0.0 ) STOP "HALT&DUL:P-PTUBE 1§ NEGATIVEY —7 7~~~

CALIL. OVUNFL(L)

IF (L .NE. 2) STOP 'OVER Ot UNDERFLOW HAS OCCURRED'
wuxss STORE THE VALUE 0OF 1 FOR FLOT PURPCSES »»s ~ - ——— — -

QUIT = 1|




_1 227. _ % . e e e e e e e e
1 228. 160  CONTINUE
1 229. svkessdx PLOT THE DATA =x»
t 230. *x THIS PLOTTING PORTION USES DISSPLA
1 231, += IT IS NECESSARY TU LIB N=ADISSPLA T .
1 232. =% FOR RETERENCE SEE THE DISSPLA BEGINNERS MANUAL
1 233.. % e e e
1 234. *
1 235. +#»% CONVERT THE PRESSURES TO PSI FOR PLOT PURPOSES #%» .
. 236. _ 150 DO 200 I = 0.QU(TY e
1 237. PTUBE{I) = PTURE(1)/144.0 N
1 238. PFLASK(1) = FFLASK(1)/144.0
1 239. _ 200  CONTINUE e e
1 240. *
1 241, sxv CONVERT THE ACCELFRATIONS TO G'S FOR FLO! FURI'OSES #++
242. DO 200 I = 0.QUIT o e
1 253, VELDOT(I) = VELDCT(1)/32.2
1 244. 300  CONTINUE
1 235, s L
246. Cail BGRPL(1)
2a7. CALL TITIE('PRESSURE CHARACTERISTICSS', 100, 'TIME, (N 3EC',.12,
248. C'TUPL AMD FLASh PRESSURE, IN PS1$',100,6.0,6.0) L
249, CALL $RAF10.0,0.04,0.40,0.0,200.0,1600.0)
250. CAL! MESSAGL('MISSILE MASS 500 LBY,NGL TESTS',100,0.3.0.3)
251, _ CALL CURLF(TAU,PTUBE,QUIT,+25) e
252. CALL CURVE(TAU,PFLASA,GUIT.+25)
253. CALL EMDPL(Y)
254. CALL BGNPL(2) o R o
255. CALL TITLE('MISSILE VELOCITY',16,'DISPLACEMENT., FEET$',100,
256. C'VELOCITY, FEEY/SECS$',100,6.0,8.0)
257. . CALL MESSAGH'(S00 LBY, 1000 PSI)3',100,0.8,0.3) e
258. CALL GRAF(0.0,5.0,35.0,0.0,50.0,700.0)
259. CALL CURVE(X,XDOT,QulT,0)
260. _ . . CALL ENDPL(2) S
261 . CALL BGNPL(3)
282. CALL TITLE('MISSILE ACCELERATIONS',100,'TIME, SEC',@,
263. .. ... . C'MISSiLE ACCELERATION, G$',100.6.0,8.0) o
264. CALL GRAF(0.0,0.04,0.40,0.0,50.0,400.0)
265. CALL MESSAG('(500 LBM, 1000 PSI)S$',100.0.3,0.3)
266. . _ . . CALL CURVE(TAU,VELDOT,QUIT.O)
267. CALL ENDPL(3)
N 268. CALL DONEPL
e .. 289, | STOP 'REACHED END OF PROGRAM' _ o o .
- 270. END
Ej END FTN 412 ISANK 18731 OBANK N o . i T
r-::.
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- €map moprules.sratlval, fortran.smallval

: MAP 30Kt S74711 27/2€/82 09:59:49 (3)
START= 0'6133 PRCG STZE(1,D)=223543/38702
SYS$*RICS. LFVLCL 74R14

END MAR. ERRC?S: 0 TIME: 36.434 STORAGE: 23723/10/04077 7/0 77
4 Dxgt Foriran.smallvail

FLASK \VOLUME IS 3.7 INITlAL TEMP S$20.0

THE TUEL CROSS~SECTION IS 1,131 SQUARE FEET . N e

PFLASKIC) IS .10000000+004 PSI MIMASS 1S,LBM .50000000+40"3 LETGC 1S .C0000000

AISSFL 15 L 130822734+001 MASSTI I35 .BQ47€308~903

KEMRGY 'S, 312299544007 KELASK IS .30333912-003 NOTE THAT THE MASS OF THE FLASK GAS IS INSIG-
NIFICANT (45LBM TOTAL) COMPARED TO THE

THE VALVE IS CUHDKED MISSILE MASS, SO THAT ITS ACCELERATION MAY

THE MISHILE 1S FREZE AND FCCELERATING BE IGNORED.

TeE VALLVE 2PCNING SIZE I35 (SQRIN) . 7849932994002

tHIS - THEED C2LO FOR POSITION 0 TIME .00000000 e o

FLASK fRESSUNE IS,PSI, .10000000+004 TUBE PRESSURE IS .147000(0+002

X 1S .20000000+000 ACOT IS .00000000 VELDGT 1S .15517682+003UNITS OF FT,SEC

FORCE - .237473Cn+4004 POUNDSFORCE

THE VALVE 1S CHOWKED
THE WIS 1Lk 1S FRFE AND ACCFLERATING
THE VAL .Z JPLNTNG SIZE IS (SWRINM) . 784990994002

THIS IS5 I=E CLLC FOR POS!TION 1 TINE .10000000-503

ILASK PWESSURT 15, PS1, 294050074003 TUBE PRESSURE {S .1634€3184003
X IS .00R0G05N+9C0 XDOT 15 .15417682-001 VELDOT 1S  .174¢11214004UNITS OF F1.SEC
FORCE - 271135424005  FOUNDSFORLE

THE VAIVE IS CHOKED
THE MISSILE IS FREE AND ACCEI ERATING
THE VA "C Qr"%IN: SIZE IS (SQRIN) 784999994002

THIS J. THF <2tuy ¢OR POSITIOM 2 TIME .20000000-0C3

FLASK #REZSLRE [-.P31, .9¢516053+4003 TUBE PRLSSURE !S .31723118+003

X 1S 2000015234008 XDCV 15 .190€2889+-000  VELDOT 1S .33271902+004UNITS OF FT,SEC_
FORCE = .51%565432+4C05 POUNLCSFORCE

THEVALVE 1S (H7ED
THE MISSILE 1% FREE AND ACCELERATING
THE VALVE OPENINT SIZE IS (SQRIN) . 7b459999+002

THIY 135 fKE CLLC FUOR POSLTION 3 1IME  ,30000080=-003 = e e e
FLASK »SESSUNE 15,PSI, .95230106+003 TUBE PRESSURE 1S5 .406913544003

X IS .30002054+000 XCQT 1§  .52274790+4000 VELDOT IS .485709144004UNITS OF FT,SEC
FORCE =  .76031732+005 POUNESFCRCE

THE VAiVE IS UNCHIKED
THE MISGTLE [5 FOFE AND ACCELRERATING
THE VALVE OF . NING SIZE IS (SQINY . 78499999+002

THIS 15 THE CALC FOR POSITION o TIVE .4720C0000-003
FLASK PRESSURE [45,FSI, .976487136+003 TUBE PWLSSURE IS .6'%460124003
X IS .:0007202+40208 XDOT 5 .10124570+001 VELLOT 1S .64550806+074UNITS OF FT,SEC

FORCE = .10022417+005 PCUNDSFORCE

THE VALVE 1S UNCHCKED
THE MISSILE IS FREE AND ACCELERATING




3

s e T e e T T UN W S S R
THE VALYE OPRNING SIZE IS (SQRIN) .78499999+002 . S
THIS 1S THE CALC FOR POSITION 5 TIME .4%599999-003
FLASK PRESSURE IS,PSI, .97087923+003 TUBE PRESSURE IS .75821222+4003
X 15 .300174064000 XDOT IS  .16579651+001 VELDOT IS .79522959+004UNITS OF FT,SEC
FCRCE = .12328288+006 PCUNDSFORCE
THE VALVE 15 LNTHZKED U
THE MISSILE IS FREE AND ACCLELERATING
THE VALWVE OPUMINTG SIZE 1S (SQRIN; . 784593994002
THIS 1% THE CALC FOR POSITICH 6 TI4E  .69000000-003 e
FLASK FEESSUNE 15,PSI, ,9C8063C¢1+003 TUBE PRESSURE IS .3820390108+4003
¥ 1S .300339u5+4000 XD2T 1S  .24531946+001 VELDOT IS .¢2348882+004UNITS OF FT,SEC

FORCE = .14339628+006  FOUNDSFORCE  NOTE THAT THIS GLITCH IS DUE T0 ST
£ i yE ~.3821 + N A N SEY TO 0 STEPSIZE
PIECE 1iS THE VALUE =.38213907+001 AND HAS BEE CHOICE AND DOES NOT APPEAR TO MATERIALLY
. R AFFECT THE SOLUTION, AS INDICATED BY RUNS
THE VA(ME 1S UNCHOKED _ .- WITH SMALLER STEPSIZES.
THE MISSILE IS FRUE AKD ACLCELERATING
THE VALVE OPINING SIZE IS (SQRIN) . 784999994002

THIS IS THE CALC FOR POSITION 7 TIME .700000006-003 = - _
FLASK FRESSURE 1S,PSI, .81:27544740C3 TUEE PRESSURE [S .94:8235264003

X IS .30678517+000 ADOV 16 .33766834+001 VELDCY IS .101C89154005UNITS OF FT SEC
FORCE - L15897C73+006 PUUNDSFORCE

THEZ VALLE IS UNCHOKED
THE MISSINE 'S FECD AND ACCELERATING
THE VALVE OPORING SIZE IS (SQRIN)  .78499999+002

THIS IS THE CALC FOR POSITION 8 TIME .800C0000-0C3
FLASK §8LSSURE IS,PSI, .96275447+003 rUBE PRESSURE [S .96295637+4003 . _
X IS .200922034000 X00T 1S .4387575C+001 VELDOT IS .10092355+0C5UNITS OF Ff SEC

FORCE = ,15671350+006 FDUNDSFORCE
PIECE HAS [H” VALUE -,15795720+002 AND HAS BEEN SET 7O 0©

THE VALYE 1S Ll BDKED
THE HISSILE IS FRIE AND ACCELERATING
THE VAL.L CPONING SIZE IS (SQRIN)  .78499995+C02

THIS IS THE CALC FOR POSITICM 9 TIME .90000000-003

FLASK MRESSURE S, PSI, ,952453834003 TUBE PRESSURE IS .Q60962¢2+4003 __ S
X IS .39136149+000 X207 1S .53968105+001 VELDGT 1S .10141709+035UNITS OF F1,5ec

FORC H L18747005+4006 ~NUNDSFORCE

PIECE +i,S THL VALLE ~,70235507+001 AND HAS BEEN 3€T TO O R
THE VAIVE IS UNCHOUKED

The MISSILE 15 FRYE AND ACCTZLERATING

THE VAL E O0SNING SIZE IS (SORIN) . 784999994002

THIS [5 THE CALC GR POSITION 10 TIME .99¥379999-003
FLASK CRESSUNE T, P3l, ,u52189844003 TUSE PRUSSURE 135 .9.54177144003 o .
% 1S .30190127+500 XZCT IS 641056144001 VELDOT IS  .10115648+005UNITS OF FT,SEC

FGRCE = .157¢7%27+t006 POUNDSTCRCE

THE VALYE 1S LNCHOKED
THE MIZGILE IS FREE AND ALCELERATING
THE VALVE OPLLING SIZE IS (7QuinN) |, 78499202+032

THIS LS THE CALC FUR POSITICN 11 TIME ,1:000000-90€2
FLASK FRESSUZE IS,PSI, .942489%4+003 TUBE PRESSURE IS .96155155+003
X IS .30254237+00¢C XDCT 1S .74225481+001 VELDCT IS . 10084963+005UNITS OF F1,5EC

FCRCE = ,156%2831+008 POUNDSFORCE
PIECE HAS THE VALUE -,18518637+002 AND HAS BEEN SET TO ¢

Copy availcble te D1IC does not

poumit fully legible reproduction
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THE VALYE 1S UNCHOKED — e e e - !
THe MISSILE IS FPEE AND ACCRLERATING 1
THE VALVE OPENING SIZE IS (SQRIN)  .78433959+002 \
THIS IS THE CALC FOR PQSITION 12 TItE  .12000000-002 e
FLASK RUESSURE 17,P3I1, .0¢532126774003 TUEE PRESSURE IS .9037365064003 i
X IS .30328302+300 XLOT IS .R4310424,001 VELDGT IS .101.5988+005UNITS OF FT,SEC

FORCE = .!157531£40+008 FOUNDSFGRCE e e e
PTECE “AS THY ¢ALUE =-.503750954+400% AKD HAS BEEN SET TO 0

THE VALVE 1S UACHIKED - e —

THE MISLILE 'S FRTE AND ACCELERATING

TRE VALYE OPFNING SIZE S (SQRIN) . 78499999+002

THIS 13 IHE CALC FOR POSITICN 13 TIME ,13000005-002 __. e e i
FLASK #FRESSUNE 15,PST, 902126774003 TUBE PRESSURE %5 .963531¢3+003 i
X 15 .3C412773+000 XCOT i3 .94456412+001 VELDOT 15 .10 '

1C5934+COBUNITS OF FT . SEC

FORCE - .155924.5+006 POLNDSFORCE

THE VALVE 1S UNCHOKED
THE MISSILE i35 FREE AND ACCELERATING
THE VA /L CPrnING SIZE 1S (SYRIN) . 78B499999+002

THIS Is THE CALLC FGR POSITION 14 TIME .14000000-002

FLASK [ RESSURE 13,PSI, .3C212577+C03 TUBE PRESSURE 195 .95S9310%0+003. . . . . . o o e
X 1S 505072294000 XDCT I3 .10455235+002 VELDIT IS .10061459+005UNITS OF FT,S€EC

FORCE - .1E26Z3385+0C6 POUNDSFCRCE

PIECE 1185 TH: YALUE =-.31383532564002 AND HAS BZEN SET TO © e e e

THE VALVE IS5 UNZHIKED
THE MISSILE 1S FREE AND ACCELERATING e
THE VAILE GRIMING S1ZE IS (SQRIN) .784339999+4002

TH{S 1% TRE C4LC FOR POSITION 15 TIME .1500C000-002
FLASK -2Z5SURE I5.PSI, .¢CG149856+4003 TUBE PRESSURE 1S .970322¢2+003 e

2 G11701460C XCOT 18 .1146238C+002 VELDOT IS .10177684+00SUNITS OF FT,SEC
FORCE = L1503 957+006 CQUNDSFORCE
PIECE HAS THE WALUE =.13227702+002 AND HAS BEEN SET TO 0 . . ..

THF VALVE IS UNUIHUOKED
THE MILGILE 15 ©hnLL AND ACCELERATING -
THE vALLL O I SIZE IS (STRIN) 784939994002

THIS IS TwE ¢3LT FOR PISITION 158 TUAE  ,15000002-002

FLASK ¥RLSSUKE IL,FSI, ,201438:3+003 TJBE PRESSUPE IS .QLTIZS5877+4003 . _.__. ... __ ...
A IS 3072417000 XCOT IS5 .1248014940C2 VELDIT IS .10123656+025UNITS OF FT.%€C
FCRCZ ~  L1672C2771006 BOUNDSGFORCE

THE VAL L IS UNUCTHED
THE MIZ-THE (S FRUE AND ANCELERATING

THE VALLE P it SILE 1S t323iN) . T84902924002 R R,
TiS - THE CALL FOR PDSITION 17 Tk .17000000-C02

FLAGA 285807 13,Ps], .951auss€4003 TUSE PRESSURE 1S .95v729724003

A IS .3.35120C+000C XCOT 15 .134%2534+002 VELDJT IS . .300¢5856+0CCUNIIS_OF FT.SEC. ...

FORCE - .15: 20211006 POUNDSFORCE
PIECE HAG THE VACUE =.181524194002 AMC HAS BEEN 3ET TC 9

e i ¢t e emaa mr meim e e mmmen s e mem e et .

THE YA! ‘7 1. UNTHCKED
THE MI<~1.8 'S FREE AND ACCELIRATING
THE VALVE 0P .0 QNG SIZE IS {SORIN) .78499999+002 . e e
THIS 15 THE (wll FGR POSITICN 18 TIME . 18000C00-002
FLASK FRESSURE I>,PSI, .95100062+003 TUBE PRLCSSURE (S .9uS1385€7+003

"I
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b3 X 1S .30988111+0CC X0OT 1S .14499120+002 VELDOT IS5 . 101230424005UNITS OF FT,.SEC .. _
~€‘ FDRCE = .15734538+006 POUNDSFORCE

THE VALYE IS UNCHUKED . i . .
THE MISSILE IS FRZE AND ACCELERATING

THE VALVE OPINING S1ZE IS (SQRIN) ., 78499993

THIS Iy THE CALC FOR POSITICN 19 TIME ,19000000~-092
FLAGK ©RESSURE [$,PSI, .906100062+003 TUBE PRESSURE IS .95G77307+003

X IS .311231132+008 XC0T 1S .15512424+002 VELDIT [S .10066310+005UNITS OF FT,SEC

FORCE = (15620216+0C6 POUNDSFORCE o R e U N
PLECE HA3 THE VLLUE -.929G0486+001 AND HAS BEEN SET TO 0O

THE VALVE I5 UNLIHCKED A . e e e . .-
THE MISCILE 1S FRIZE AND ACCELERATING
THE VALVE OPFNING SIZE IS (SQRIN) .7849¢299+002

THIS 1S THE CALC FOR POSITION 20 TIME .20000000-002 e .
FLASK FRESSURT [S,PSI, .9i05R522+003 TUBE PRESSURE IS .902212704003

X IS .312B625G+000 XDCT 1S .16519055+002 VELDOT IS .10102382+4005UNITS OF F1,SEC

FORCE -  .15uaSUl2E+008 POUNDSFORCE e e e - e e e = - :
THE VALVE 1S UNCHTZKED

THE MISSILE IS FREE AND ACCELERATING I . e e e

THE VA!'VE OPENINT SIZE IS (SQRIN) 7843929994002

THIS IS THE (AL FOR POSITION 21 TIME .210C0000-002

FLASK PRESSURE [S.PSI1, .2¢058382+003 TUBE PRESSURE 1S ,95606800+003. IR
X IS .31451447+C00 X007 IS .17529293+002 VELDOT 1S .100274514005UNITS OF FT, SEC

FCREE = L 15570876+006 LOUNDSFORCE

PIECE HAS THE VALUE =-.284335633+002 AND HAS BEEN SET TO C . . o i
THE VAILVL 1S UNCOHOKED

THE MI3LILS 1S FREE AND ACTELERATING . e e

THE YALVE QP INS SIZE IS (S2RINY . 78499399+002

THIS 1S THE CALC FOR posxr'pu 22 TINE .2206000C-002

FLASK FRES3URE 15.PSI, .95%2v8173+4503 TUBE PRESSURE 1S .9L743661+003 e
X IS 316267474320 ACGT 1S .18532038+002 VELDOT IS .101£0882+005SUNITS OF FT.SEC

FORCE = .157u224C+4006 FOUND Y FORCE

PIECE RAS THE VALUE =-.31756uG24+000 AND HAS BEEN SET TQ 9 S . e .
THE VALYE 1S UNCHOKED

THE MIZSILE IS FREE AND ACCELEFATING PO e e
THE VAL VE OPENINT SIZE 13 (SQRIN) L 78490209+0C2

THIS IS THE ‘u'f FOR POSITICH 23 Tis't .23000000-002

FLASK POFSSURE LPSI, .93979173+4003 TUBE PRESSURE 15 ,9092d1:G+063. . o .

X 1S .3‘812OGO'COO XLOT IS .12547126+4002 VELDOT 1S . 1CCsT7446+005UNLTS OF FV,SEC

FORCE = . 15G3I2000:0C6 PCUNDSFORCE

THE VALVE IS UNIHLKED
THE fal=STLE §S FL'E AND ACCELCRATING
THE VALYE COPINING SIZE 1S (SQRINY .784G9239+C02 -

THIS IS THE Lall FOR POSITICH 243 TIME .23C00003-002
FLASK PaFSSURE 1S, PSI, ,9%979173+C03 fUBE PRESSURE S .9-1R1417+003
X iS5 .4‘0”757l+‘CC Xrar 1S .20553970+002 VELDCT IS . ZOELT73794QC4UNITS OF FT.SEC .

FORCE = .15493.40+006 POUNDSFORCE
FLECE H/S THE VALUE =.34244872+002 AND HAS BEEN SET TO O

THE VALVE 1S WNCHCKED
THE MISSILE IS FREE AND ACCELERATING
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THE VALVE OPENING SIZE IS (SQRIN) .78499999+002

THIS IS THE CatC FOR POSITICN 25 TIME .25000000-002

FLASK FPRESSURE [S.PSl, .95872613+003 TUBF PRESSURE IS .90141346+003

X S .Z2213009+202 XCOT IS .21551944+002 VELDCT IS_ .10156932+00SUNITS OF FT.SEC ___ __.
FORCE = .157715.54+006 PCUNDSFORCE

PIECE HAS THE VALUL -.21859236+001 AND HAS BEEN SET 7O O

THE VALVE IS UNCHCOKED
THE MISSILE IS5 FREC AND ACCELERATING
THE VALVE OPENINS SIZE IS (SQRINY ,78499999+002

THIS IS THE CALC FOR POSITICN 26 TIME ,26G00000G- 602

FLASK vRESSURE 1S,PSi, .SH372613+003 TUSE PRESSURE IS .95934243+003

X 1S .2042B5:8+0C0 X027 15 .22567637+002 VELOST 1S__ .10061794+QCSUNITS QE ET . SEC.. _
FORZE = .15223307+006 PCUNDSFORCE

THL VALVE 18 UNUMCKED
THE MIGSILE 1S FEEE AND ACCELERATING
THE VALLE OPUMINS SIZE IS (SOHIN) 7849923994002

THIS IS IHE CALC FOR POSITICHN 27 TIWME ,27000000-0C2. ___ e e+ e
FLASK PRLSSURE 18,051, .0-172613+003 TUBE PRESSURE IS 9%000107+003

A IS L3765420w+200 X0DI1 [ .23573817+4002 VELOOT IS .99638193+004UNIYS OF FT,SEC
FORCE = 15.‘lAu°+006 POUNDSFORCE e e e e e e

FIECE K4S THE VAL“E -.29777960+4002 AND HAS BEEN SET TO o

THE VAtve IS UNCHCKED
THC MISSILE IS FRFE AND AUCELERATING
THE VALVY DPEMING SIZE IS (SORIN)  .78493999+4002

THIS 1S5 onE CJALT EOR POSITICH 28 TIME .28009000-002 . . U U
FLASK FuEGIyURE 1< DS[, ,93752656+003 TUBE PRESSURE S 96h039:2+003
¥ 1S .32490C.7+000 XCOT IS .24570198+002 VELDOT IS .10132034+4005SUNITS OF FT,SEC

SUORCE =  .157523704008 POUNDSFORCE . e e e s e e = e e
THE VALVE 1S UNTHOKED

THE MIsS)! 'S5 FLEE AND ACCELERATING R
THE VALVr OPTMING SIZE IS5 (SQRIN) ., 78499929+002

THIS I8 ThE (AL FGR POSIIION 293 TIME .23000000-002

FLASK $RESSURE 1S.DPSl. .9576253564003 TUBE PRESSURE 1S .953595188+4003 . i
¥ 1S .33138754:4990 X027 15 .25583402+4002 VELDOT IS 10016234+005UNIT§ OF FT,SEC
FORCE : .154€8€25+006 POUNDSFORCE

THE VAiVE IS LNIVOKED
THE MI~3ilf 1S FREE AND ACCELERATING
THE VALVF 0PLnING SIZE 1S (SORIN)  .78499999+002 .

THIS IS 7THE CALC FOR POSITION 30 TIME .,30000000- 002

FLASK pRER3LWE IS,PSE, ,9%5714330+4003 TUBE PRESSURE [S .93673532+003

X IS .33:u1528+020 X0l IS .205B6025+¢C02 VELDOT IS _.10034450+005UNITS OF FU.SEC_... _.
FORCE - 1558133340606 POUNDSFCRCE

THE VALVE I3 CLTHOWEP
THE MI-"1LE 14 FREE AND ACCELERATING
THE VALYE 0P TNING CSIZE IS (SQRIN) . 784992994002

TiiIS I35 Trz <ALl SCR POSITION a TIiME .3'00000C-002 e e e
FLASK " :35UnE 13,PS!, .95802489+0032 TUEE PRESSURE 15 9=|%°252+003

X 1S .313£57300+40C0 X207 IS  .27582470+002 VELDGT IS .397¢B845+0C4UNITS OF FT,5EC
FORCE - .154¢671E+006 EOUMDSHIRCE Lo

PIECE MAS THE VALUE ~-.14581137+002 AND HAS BEEN SET ™o
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THE VALVE IS
THE MISSILE

THE VALVE OPZ

THIS IS ThE
FLASK PRESSU
X 1S .35w332
FORCE = .15

THE VALVE IS
THE MICSILE
THE VALVE OP
THIS I5> THE
LASK PRESSU
X IS .3432191
FCRCE = .15
PIECE HAS TH

THE VALVE IS
1HE MISSILE

THE VALVE OF
THIS 1S THE

FLASK paessy
X 1S .3:m151
FORCE = .15

THE VALYE TS
THE MISHILE

THE VALVE QP
THIS IS THE

FLASK L33y
X IS .348210
FORCE - .15
PIECE HAS TH

THE VALYEZ IS
THE MISSILE
THE VALUE OP
THIS [s THF
FLASK FRES55)
X 1S .351369
FORCE = .15

THE VALVE IS
THE MI<C i LE

THE VALLS QBT

1HIS I THE
FLASK LEESSU

X IS . 3536280

FCRCE - .15

PLECE H4S Th

THE VALVE IS
THE LISLILE
THE VALVE OP
THIS I5 ThE
FLASK PUESSU
X 1S .357988

UNCHOKED e et e
IS FREZE AND ACCELERATING
MING SIZE IS (SQRIN) ,78499999+002

CALC FOR POSITION 32 TIME .32000000-002 ___. e
“E 1S.PSI, .956C4135+G03 TUBE PRESSURE 1S .960149494003
93+C00 XDOT IS .28587458+002 VELDOT IS .10070258+005UNITS OF FT,SEC

5370474006 POUNDSFORCE . e e

UNCHOXED
IS FRLE AND A(:f'[RATINu
enING SIZE IS (SQRIN) . 784999994002

CALC FCR POSITION 33 TIME .33000000-0C2
RE [5.PSI, .93604135+003 TUBE PRESSURE [S_.94886310+003 -
37+CC0 XCCT 1S .29594484+002 VELDOT 1S .9G518840+00<UNITS OF FT,SEC

183235+006 POUNDSFORCE
E VALUE -,15995048+002 AND HAS BEEN SET TO 0 _

Ut HTKED

1S FRIZE AND ACCELERATING — : e _— -
FEING SIZE IS (SRRIN) . 78499999+002

CALC FOR POSITION 34 TIME .34000000-002

RE 15.PSI. .©2503494+003 TUBE PRESSURE IS .95954877+003 .-
12+020 XCOT IS .30589672+002 VELDOT IS .100£3958+005UNITS OF FT.SEC

6272634006 FOUNDSFORCE

URNCHOKED
{3 FRLCE AND ACCELEPRATING
ENING SIZE IS (3QRIN) ,78499995+002

CALT FOR POSITION 35 TIME .35000000-002
R 12,PSI, .9505044944003 TUBE PRESSURE 1S .9:1762219+0C3
204000 XCOT IS .31595068+002 VELDOT IS . ,99396033+0C4UNITS OF FT,SEC

SE318T 4006 POUNDSFORCE
£ YALUE =.12974544+002 AND HAS BEEN SET TO 0

ULCHCHED

15 FR EE AND ACCELERATING

E.I (3 SIZE IS (SCRIN) .78499999+002 —— e e

CALC FOR POSITICN 36 TIME .3G000000-002

-2 I18,PSI, .8540372u+003 TUBE PRESSURE IS .9%7G9229+003
59+000 XDAT 1S  .32590026+002 VELDOT IS_ . .10044488+005UNITS _CF FT,SEC

w=70230+4006 FOUNDSFORCE

LHLHTKED . . B P
1S FREE AND ACCELERATING
ty STIZE IS (SQRIN)Y 784999094002

LALL TCOR #OSITI0ON 27 TImE  .3700000C-0C2
WE 15,731, .D07403728+003 TUEE PRESSURE [S ,9.4u31671+4003
S+20C X007 IS .33594475+002 VELDCT 15 .99146887+004UNITS OF F{,5EC

ZU5370+006 FCUNCSFORCE e . . S
WALSE ~.11986979+C02 AND WAS BEEN SET TQ 0

UNCHOKED e Ll e e _
[ FREE AND ACCELERATING
ELING SIZE I5 (SQRIN) ,78429999+002

CALC FOR POSITION 38 TIME .38000000-002
PE 15,PSI., ,95254148+4003 TUBE PRESSURE IS .95G310(4+003
134000 XDOT Is .34585945+CC2 VELDCT I3 .10029989+0UIUNITS OF FT,SEC
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FCRCE - .153574 +006 PGUNDSFORCE

THZ VALVE 1S5 UNCHCKED
THE MI-SILE 15 FREE AND ACCELERATING
THE VALVE OPILHINS SIZE IS (SQRIM)  .78499999+002

THIS IS THE CALC FOR POSITION 39 1IME  .39006G005-002
ELASK ULESSUPE 1S,PSI, .0822.1148+4003 TUBE PRESSURE [S .94343601+4003 —
X IS .o 1345734+0C0 XDOT 1S .35588943+002 VELDJ1Y IS ﬁ8950684+0040NITS OF FT SEC

FORCE - 18355501 2+CCH POUNDSFORCE
PIECE -AS TH: LA_UE =-.96318357+001 AKD HMAS BEEN SET TO 0

THE VALVE 15 UNCHCKED
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OPENINS SIZE TS (SCRIN)  .78499399+C02

THIS 1S THE CALC FOR POSITINN a0 TIME .40000000-G02
FLASK PRESSURE IS.PSI, .€%1799394003 TUBE PRESSURE 15 ,954503114003 . _—
X IS .305005:2+0C2 XCCT IS .36578450+002 VELDGT 15 .10011038+005UNITS OF FT,SEC

FORCE - .155350894006 POUNDSFGRCE

THE VALVE IS UNCHTKED
THE MISSILE 1S FREE AND ACCELERATING
THE VAL.E OPCHING SIZE IS (5QRIN) . 784999994002

THIS 15 THE CALC FOR 20SITICH 41 TIME .41000000-002

FLASK PRESSURE IS,PSI, .931799394003 TUBE PRESSURE [S .9.1119270+4003

X IS .3685631¢4+C00 X027 1§ .37579554+4002 VELDGT IS _.98714352+004UNITS OF_FT.SEC. . __
FORCE - .1832831C0+0086 POUNDSFCRCE

PIECE '4S THI VALUE -.73513183+001 AND HAS BEEN SET TO 0
THE VALVZ IS ULOHOKED TTTh T T T T T e
THE MISSILE 55 FREE AND ACCELERATING

THE VAL € OPLYING SIZE IS5 (S9RIN)  .78499399+002 e
THiS IT THE CaLC FOR POS!TICK a2’ TIME .47900000-0C2
FLASK Uie 15,P51, .95052402+003 TUSE PRESSURE 1S .952658C5+003

X Is .a7 ‘2; +00¢C XE2T IS .38566697+002 VELDADT IS__  995216866+00AUNITS OF FI.SE€C . __ _ _
FORTE - .15'1ﬁbl‘+006 POUNDSFORCE

THE VAL E [S§ LNIPLUKED

THE MILSSILE i3 Fﬁu: AND ACLELEPATING

THE VAL £ OPONING SIZE IS (S2RIN) . 78499399+002

THIS !b AT - "UR POSITION 43 TINE .4300000C-002.

FLASK f-neseq LRSI, .950594024003 TuBE PRtJSURE 1S 93?@3743+003
¥ I35 . h?t&"?f'CO XDOT 1S .3956566G+C02 ELDIT IS5 .964778144003UNITS OF FT,SEC
FO"\LE . tD —— 1 - - RN

.+30C6 FOUNDSFORCE e
PIECE #nS Tl voLol =,47CH1(G92+001 AND HAS BEEN 3ET TO ©

THE VALVE IS L THIKED
TS MISLELE 15 FRED AND ACCLLUERATING
THE VALUE CPOLTLG SIZE 1S (3QRIN) . 78499935+4002

Tris 153 ThE CALL FNR PUSITION a4 TIME ,4-000000-002 . et e e s
FLASK BRr5Sut T 15,.PST, 912332194005 TUBE PRESSURE 1S .95LGH5C15+003
X 15 35383457 +000 XPROT 18  .40550643+002 VELCGOT 18  .99706271+004UNITS OF FT,SEC

FORCE = .154723%0+(C6 FOUNDSFORCE

THE VALVYE IS LHCHUKED

THE MISSiiE IS FHEE AND ACCELERATING e e
THE VALVE OPENING SIZE (S (3QRIN)  .78422999+4002
TMES 1S ThE CALC FOR POSITION 45 TIME .45000000-002
o noA
\o 1© DT aductiet
voil Cra
ot | %ty leoibte
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FLASK FRESSURE 15,PSI, .91933219:C03 TUBE PRESSURE 1S _.936856¢54003 ... _ _ _
X 1S ,384282734009 X0OT IS .41547706+002 VELDOT IS .98228143+004UNITS OF
FORCE - .15252617+006  POUNDSFORCE

PLECE HAS THE VALUE -.17678391+001 AND HAS BEEN SET TO o |

THE VALYE 1S UNCHOKED
THE MISGILE 1S FFEE AND ACCELERATING e e
THE VALVE OPENING SIZE [S (SQRIN)  .78499999+002

THIS Is THE CALC 'FOR POSITICN a5 TIME .46000000-002

FLASK PRESSURE 1S5,PSI, ,04801318+003 TUBE PRESSURE IS .94€516004003
% 1S .3RB4345C+0C0 XCOT 15 .42529987+002 VELDO1 IS .094824354004UNITS OF FT,SEC
FORCE = .15147582+4006  POUNDSFORCE

THE VALYE IS UNCHCKED
THE MIS. TLE I& FREE AND ACCELERATING
THE VALVE JPEMING SIZE IS (SQRIM)  .78459995+002

THIS IS THE Ca1LC FOR POS!TION q7 TIME  .47000000-002

FLASK FPESSUPE IS.PSl, .94801318+003 TUEE PRESSURE IS .93308623+003

X 15 ,392E975C+00C XLOT IS .43524811+002 VELDST 1S_.979¢9020+004UNITS OF FT,SEC_ . _
FORCE = .15212581+006  FOUNDSFORCE

THC VALVE 1S UNCHCKED R
THE MISLILE 1S FREE AND ACCELERATING

THE VALYVE OPENING SIZE IS (SQRIN) . 73499999+002
THIS 1S THE (ALC FOR POSITION 48 TINE .4€000000-002 . . . .
FLASK FRESSURE 15,081, .94053817+4C03 TUBE PRESSURE IS .94€25274+003

£ IS J397049 54000 XLer I1s .44504501+002 VELDOT IS .Y9245060+004UNITS

FCGRCE = .15412724+005 SOUNDSFORCE e e

THE VALVE IS UNLHIKED
THE MISLILE 1S FRED AND ALCELERATING S -
THE VALLE ORINING SIZE IS (SQRIN) . 78499599+002

THIS I3 HE CalLl FOR POSITICH 49 TIME ,49000000-0C2

FLASK FRESSURE [3,.FS1, .94640789+003 TUBE PRESSURE IS .935918434003 ... . . . .
X IS .40t500.32+3CC XC3T 1S .45496952+002 VELDOT IS .981€1174+CC4UNITS OF FT,SEC
FORCE = .15242218+4005 POUNDSFCRCE

THE VALVYE IS UNCHTKED
THE MISSILE IS FR2T AND ACCELERATING
THE VALVE OPEMNING SIZE IS (SQR'N) . 784950994002

THIS 15 THE CALL FOR POSITION 50 TIME .50C00000-002

FLASK FRESSURE 15,781, .245213244003 1UBE PRESSURE iS .913740:6+003

X IS .30605G12+000 XCOT {5 .464785€3+002 VELDOT 1S ,%BSE1545+004UNITS _OF FT,SEC.
FORCE = .1513¢92325+:C06 FOUNDSFORCE

THE VALYE I5 UNCHOKED
THE MISSTLE IS FRIZIE AMD ALTELENATING
THE VALWE JpIntnG SIZE 15 (SQRIN) . 78499592+002

THIS 12 *v'E CALC fOR POSITION 51 TiE .51000000-CN2 L

FLAGSK FoES3URE 12,PSI, .9447¢4C1+4003 UCE PRESSURE [S ,937133114003

X 1S 4300667974000 X0UT 5 .47468379+0C2 VELDOT IS .982c8573+004UNITS OF FT,SEC
FCRCE - ,15062201+008 POUNDSTORCE .

THE VALVE 15 UNCHTKED
THE MIGSILE 1S FREE AND ACCELERATING e o
THE VALVE UPENING SIZE IS (SQRIN) . 78499359+002

THIS IS ThE CALl FGR 20SITION 52 TiME .52000000-0C2
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FLASK PRESSURE IS,PSI, .94374451+003 = [UBE PRESSURFE IS .940404€¢0+003
X 1S .431534431+000 XDOT 1S .48451264+4002 VELDOT 1S  .986£4136+004UNITS OF FT,SEC
FORCE = .15323:24+008 POUNDSFORCE

THE VALVE IS UNCHCKED
THE MISSILE IS FRCE AND ACCELERATING
THE VALVE OPINING SIZE IS (SQRIN) . 78499999+002

THIS 15 THE CALC FGR POSITION 53 TIME .53000000-002 - T
FLASK I'RES3URE [S,PSI, .94312177+003 TUBE PRESSURE IS .93703214+003
X IS .42028993+000 XCOT IS .49438105+002 VELDOT IS _ .98278717+0C3UNITS OF FT,SEC___ _

FORCE - ,15260671:+006 POUNDSFORCE

THE VALVE IS l:NC"’:‘MED
THE MISSILE 1% FFEE AND ACCELERATING
THE VAaivt QPFNINT SIZE IS (SQRIN) . 78499999+002

THIS IS THE CALC FOR 2OSITION 54 TIME .54000000-002 . . et e
FLASK PNTUSSURE 1S.PSI, ,€4221206+003 TUBE PRESSURE IS .933144¢3+003

X IS ,42523374+0C0 Xp0T IS .50420892+002 VELDOT IS .9B839460040C4UNITS OF FT,3EC
FORCE - ,1527865%+003 POUNDSFORCE

THE VALVE 1S5 UNCHOWED
THE MISLILE IS ¥=0E AND ACCELERATING
THE VALVE O2T®ING SIZE IS (SQRIN)  .78492999+4002

THIS 1S THE CX.C FOR POSITION 55 TIME .55000000-002

FLASK "RESSUHE IS.PSI. L, 941367714003 TUBZ PRESSURE IS .935971€9+003 _ _ S
X 1S ,Aau0275034.0 XD0T 1S5 .51404838+002 VELDOT S ﬁ9166761¢00‘bNITS OF F FT SEC
FORCE - 15)4a.8 1+006 FOUNDSFCRCE

THE VALVE IS WUNOCHIKED
THE MISSILE 15 #vTE AND ACCELERATING
1€ VALYL OP_IMG SIZE IS (SIRIN) . 78489993+4002

THIS [5 THE CALC EOR POSITION 56 TIME .56000000-002

FIASK PRESSYRE 15, PSI, .94080368+003 TUBE PRESSURE IS .93567179+003

X IS5 .40541631425¢ XCOT IS .523865064002 VELDGT IS __.98135306+004UNITS OF FT,SEC .
FORCE = .15238107+006  POUNDSFORCE

THE VAL_.E 1S UNCTHOKED
THE MISSILE IS FUCE AND ACCELERATING
THE VALVE OPCNING SIZE IS (SQGRIN) .78499959+002

THIS IS THE CALC FOR POSITICON 57 TIME .57000000-002__ . R, e
FLASK EPESSUTE !5,PSI, .93978540+003 TJUBE PRESSURE [S .93.292:8+002
X 1S . dCEL49E+000 XDOT IS .53367858+002 VELDOT (S .Y7920641+004UNITS OF FT,SEC

FORCE - ,15213:2£:006 POUNDSFORCE e e e e e e
THE VALVE IS UNCHOKED

THE MISSILE IS FPEE AND ACCELERATING

THE VALVE 0OTNI*S ST2E IS (SQRIN)  ,78492999+002

THIS 13 THE ZALC FOR POSITICN 58 T;ME .5E8000000-002

FLASK FRESSURE IS,PSI, 9350732514003 TUBE PRESSURE IS .923429€9+4003 . _ . . __ . __ . .
X IS .4452917E4+4300 XCOT 15 .54347764+4002 VELDOT IS LTTOL017140048UNITS OF FT,SEC
FORCE - .18201820+006 POUNDSFORCE

THE VALVE IS UNIHCHED
THE MISSILE 15 FREE ANC ACCELERATING
THE VALVE DPENING SIZE 15 (SQRIN) .78499999+002

THIS IS THE CALC FOR POSITION  E9 TINE .59006000-002
FLASK PRESSURE IS,PSI, .93806033+003 TUBE PRESSURE 1S .93229223+003
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;~ X 15 .451426524009 XCOT 1S .55326766+4002 VELDOT 1S _.977¢1584+4004UNITS OF FT,.SEC
- FORCE = .15183475+006 POUNDSFORCE
- THE VALYE IS UNCHOKED S
P THE MISSILE I35 FREE AND ACCELERATING .
L. THE VALVE OPENMING SIZE IS (SQRIN) ,.78499999+002 .
THIS 15 THE (ALC FCR POSITION 60 TIME .69C00000-0C2 _ == R -
i FLASK PRESSUHE IS,PSI, .93717792+003 TUBE PRESSURE [S .93125953+003
v X IS .35895920+00C XDCT IS .56304582+002 VELDOT IS .97672571+004UNITS OF FT,SEC
vt FNRCE = .1516654£+006 POUNDSFORCE e e e e e A °
= THE VALVE IS UNCHOKED
7 THE MICSILE 13 FRRE AND ACCELERATING e e e e
o THE VALLE OPLNING SIZE 15 (SGRIN) . 784999994002
THIS IS THE LA" FOx POSITICN 61 TIME .61000000-002
3 FLASK FRESTUTFE IS, PSI, ,93(284184003 TUBE PRESSURE IS .93013232+4003 L
.- X 15 L4K25E9V5.000 XDOT IS .57281307+002 VELDOT IS .£7557461+004UNITS OF FT,SEC
N FORCE = .15142872+C06  FOUNDSFORCE
THE VALVE IS LNCHOKED T e e e
o THE M{SSILE IS % E AND AUCELERATING
o THE VALVE OP %7 SIZE IS (3QRIN) . 784999994002 e e
TiilS IS THE <AL +OR PUSITICN 62 TIME .62000000-002
FLASK PURESSURT IS PSI, 935375854003 TUBE PRESSURE IS .92906429+003
X 1S LGBR3ITTEACOS ADOT IS .582564382+002 VELDOT IS  .97442297+004UNITS_OF FY ,SEC _
FORCE = .1513079C0+C08  POUNDSFORCE
o THE VALVE IS5 UNCMUKED — - A
. THE MI<51LE 1S 7ot AND ACCELERATING
. THL VA'UD OFFMINL SIZE IS (SQRIN) L, 78499999+002
THIS IS THE 3.7 FOR POSITION 63 TIME .63000000-002 e e
* FLASK taR4%URT 13, PST, ,93445422+4003 TUBE PRESSURE IS .927945453+003
. X IS .87313347+C00 X001 15 .59231305+002 VELDOT IS .97324949+004UNITS OF FT,SEC
an FCRCE - 151125704006  PCUNDSFORCE e o e e e
s, THE VAL. % IS UNLITHED
: THE MIw . ILE IS FuZE AND ACCELERATING 3 _ et e e R
K THE VA''E OPENING SIZE IS (S5GRIN) . 784999994002
THIS Is TrE CALC FOR POSITIOHN 63 TIME .64C009300-C0O2
- FLASK "RESIU-E 13,PSI, .933519044C03 TUBE PRESSURE IS ,92681265+003  _ _ _ e
e A 1S LAUGOBEG 4050 XDO1 IS .602045534002 VELDOT IS .97206162+003UNITS OF FT,SEC
i FORCE = .152231254006  FUUNDSFORCE
o THE VAL.E 15 UNCHCKED o e T Tt T
o THE MIwL,TLE 1S FREE AND A(LFLEQA1INH
- THE VA;.L ce ‘.-f SIZE IS (SQRIN) 784399%99+4002 e el .
THIS I 1nE CALC TOR POSITION 65 TIME .6-200000-0C2
FLASK FUESIURE 13.951. .©32570-%+4093 TUBE PRESSURE IS .92566423+003
) X 1S .4U608705+200 X02T 15 .61176615+C02 VELDOT IS .97C85703+004UNITS OF F1,SEC
- FORCE = .15075420+006  FOURDSFCRCE
- THE VALVE 1S UNCHOKED . e e oo
- THE MISSILE IS5 FREE AND ACCELERATING
THE VALVE OPEMINC SIZE IS (SQRIN) .78499599+002
THIS IS FME CALC SOR POSITION 66 TIME .60(000000-002 .
FLASK PRESSURE I5,PSI, .23160864+003 TUBE PRLSSURE I5 .92450117+003
- X 1S .4922047140C0 ADOT IS .62147472+4002 VELDOT IS .969€3708+004UNITS OF FT,SEC
o
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FORCE = ,15056477+006 POUNDSFORCE e s n s e ot e e e 2 i e
THE VALVE 1S UNCHOKED

THE MISSILE YS FREE AND ACRELERATING

THE VALVE OPFNING SIZE IS (SQRIN) . 78499999+002

THIS 1S THE CALC FOR POSITION 67 TIME .67000000-002
FLASK PRESSURE 1S,PS1, .93063365+003 = TUBE PRESSURE IS_.92332243+003_
X 1S .d9841946+0C0 X0OT 15  .63117109+4002 VELDO1 IS .96B40078+004UNITS OF F7.SEC

FORCE = .15037279+006 FOUNDSFORCE

THE VALVE 1S UNCHOKED
THE MISSILE 1S FREE AND ACCELERATING
THE VALVE CPINING SIZE IS (SQRIMN) ,78492999+002

THIS IS THE CALC FUR POSITION 68 TIME .§8000000-002 ~~~ 77 o -
FLASK FRESSURE 1S,PSI, .920645574003 TUBE PRESSURE [S .92212950+003
X 1S .S04731164C00 XDOT IS .64085500+002 . VELDOT iS _.96714961+004UNITS OF FT,SEC _ _

FORCE = .15017F%51+006 POUNDSFORCE

THE VALYE 1S UNCRCKED
THE MISSILE 1S FRZIE AND ACCELERATING
THE VAL & QFUNING SIZE IS (SQRIN) . 78499999+002

THIS IS THE LS FOR POSITION 69 TIME .69000000-002_ _ = _ . = __ - e
FLASK PPESSURE [S,PSI, .97864455+003 TUBE PRESSURE [S .92092159+003
A IS 891139714000 XCOT [S  .65052658+002 VELDOT 1S .96588273+4004UNITS OF FT,.SEC

FORCE = ,1499317G+006 POUNDSFORCE

THE VALVE IS UNCZHCKED
TiHE MISSILE 1S FREE AND ACCELERATING

THE VALVE GPENIMG SIZE IS (3GRIN) .78499999+002

THIS 13 THE CALZ FOR POSITION 70 TIME .70000000-002
FLASY PRESSURE 15.PS$1. .927630G8+003 TUBE PRESSURE 1S .91ve9928+003 ___ =
A IS 317614474000 XDOT 1S .66018540+002 VELDOT IS .964600764004UNITS OF FT,SEC

FORCE = ,144978273+006 POUNDSFCRCE

THE VALYE 1S UNCHNKED
THE MISSILE 1S FREE AND ACCELERATING
THE YVALVE OREMNING SIZE IS (53Q&KIN) .78490999+002

THIS 15 THE CALC FOR POSITION 71 TIME .71000000-002

FLASK PRESSUZE 1S,PSI, .92660406+4003 TUBE PRESSURE IS .91846282+003

YIS .5242454240C0 XDOT 1S  .669R31414002 = VELDOT IS_ .96330393+004UNITS OF FT,SEC_
FORCE = .14952158+40C6 IOUNDSFORCE

THZ VALVE I3 JMCHOKED
THE MIZSILE 15 FREE AND ACCELERATING
THE VALVE OPEMING SIZE IS (SQRIN) | 78499999+002

THIS 15 THE ©TALC FOR POSITION 72 TIME .72000000-002 _ = = e e e e
FLASK FRESSURE !S,PS1, .92556.18:140013 TUBE PRESSURE IS .917212¢4+003
X 1S .530945134000 ALOT IS .67946445+002 VELDOT 1S .96199208+004UNITS OF FT,SEC

FORCE = ,14437763+006 POUNDSFORCZT

THE VALVFE 5 UNCHUOHKED
Trk MIZSILE 15 FRIE AND AUNELERATING
THE VALVE OPENING S51ZE IS (SQRIN) L, 784992994002

THIS 1S THE CALC FOR POSITION 73 TIME .73000000-002
FLASK PRESSU-E [S,PSI, ,92451310+003 TUBE PRESSURE 1S .915947674003
X IS .5377397740C0 XDOT 1S .68908436+002 VELDOT IS .960€66598+004UNTTS OF F7,S3EC

FORCE - .14917174+008 POUNDSFORCE
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. THE VAIVYE 1S UNCHOKED e _ o
2 THE MISSILE IS FREE AND ATCLCLERATING

T THE VALVE OPEMING SIZE IS (SQRIN) .78499399+002

r YHIS JS THE CALC FOR POSITION 74 TIME ,74000000-002_ . ___

- FLASK PRESSURE IS.PSI, .92344397+003 TUBE PRESSURE IS .91466897+003 -
o X IS .54463051+000 XDOT 15 .69869102+002 VELDOT IS .95232384+004UNITS OF FT,SEC

FORCE = .14236343+006 PCUNGSFORCE

THE VALVE IS UNCHCKED
THE MISSILE 18 FREC AND ACCELERETING )
THE VALJE OPENING SIZE IS (SQRIN) .78499939+002

THIS IS THE CALC FOR POSITION 75 TIME .75000000-002
FLASK wRESSURE IS,PSI. .02237253+C03 TUBE PRESSURE 1S .913377:54003 . __
X iS 551617524060 XCOT 15 .70828426+002 VELDOT IS .95797006+0C3UNITS OF F1,SEC

FORCE = ,14875312+008  POUNDSFORCE
THE VALVE 1S UNCHIKED T T T T e e e e e
THE MISSILE IS FPEL AND ACCELERATING

THE VALVE OPENING SIZE IS (SQRIN) .78496929+002

THIS IS 1HE CALC FOR POSiYICN 76 TIME .76000000-0G2
FLASK FRESSURE 15.F51, .92128394+003 TUBE PRESSURE IS .912071¢6+003
X 1S .55070038+200 XCOT IS .71786396+002 VELDOT IS .95660074+004UNITS OF FY,SEC . _

FORCE - .14853043+C06 POUNDSFORCE

3
aa

THE VALVE IS UMTHOKED

o THE MISSILE 1S FREE AND ACCELERATING

%" THE VALVE OPEMING SIZE IS (SQRIN) .78482999+002

o THIS IS THE CALC FOR POSITION 77 TIME ,77000000-002_ . = = . __ o
= FLASK FRESSURE 1S.PSI, .92018328+003 TUBE PRESSURE IS .91675259+003

o X IS .55587819+C00 XCOT 15 ,72742996+002 VELDOT IS .95521737+004UNITS OF FT,SEC

FORCE = .14832562+4006 POUNDSFCRCE i, L B L
THE VALVE IS UNCHOKED

THE MISSILE 1S FREE AND ACCELERATING

THE VALVE OPENING SIZE IS (SORIN) .78499999+002

THIS IS THE CALC FOR POSITION 78 TIME .78000000-002

FLASK PRESSURE 1S,PSI, .81607066+003 TUBE PRESSURE IS ,909421184003 _ i
X 1S .57315326+0C0 XCOT 15 .73698214+002 VELDOT IS .95352085+004UNITS OF FT,SEC
FORCE = .1481C3d3+006 POUNDSFORCE

THE VALVE 15 UNCHOKED TTTTTTTTTT o e e e
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OP:NING SIZE IS (£QRIM) . 78499999+002

THIS 15 THE CALC FCR POSITION 79 TIME .79000000-002
FLASK PRESSURE 1[4,PS1, .2i794522+4003 TUBE PRLSSURE iS5 .95¢07654+003
X 1S .54035231C+000 XDOT 15 .74652034+002 YELDOT IS _.95241035+004UNITS OF FT,SEC

FORCE = .147£8381+4008 POUNDSFORCE

THE VALVE IS UNCHOKED
THE MISSILE [S FREE AND ACCFLERATING
THE VALVE 0PZNLINSG S1ZE IS (SQRIN)  .78395999+002

THIS S THE CA.C FOR POSITION 80 TIME .79999993-002 e
FLASK FRESSURE 15,PSI, .91681008+203 TUBE PRESSURE [S .9G371877+003

X IS .58793830+060 X00T IS .756034444002 VELDUT IS .950c8651+004UNITS OF FT,SEC

FORCE = .147E6871+006  POUNDSFORCE o _ o .

THE VALVE IS UNCHOKED
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THE MISSILE IS FRSE AND ANCELERATING

THE VALVE OPENING SIZE IS (SQRIN) .78499999+002 o
THIS IS THE CALC FOR POSITION 81 TIME .81500000-0062

FLASK FRESSURE IS,PS!, .91566234+003 TUBE PRLSSURE IS .99%34877+4003 ..
X 1S 595548744000 XDOT I35 .76555429+002 VELDOT 15 .94954962+004UNITS OF FT,SEC
FORCE = .14744555+006  FOUNDSFORCE

THE VALVE IS UNCHCKED
THE MISSILE 1S FRZE AND ACCELERATING
THE VALE GPINING SIZE IS (SQRIN} .73499999+302

THIS 16 THE CALC FOR POSITICN 862 TIME .81999959-002

FLASK FRESSURE 1S,FSI, .91450311+003 TUBE PRESSURE 1S .90395615+003

X IS .4032742%4000 ADQT IS .77504978+002 VELDST 1S__ .948099504004UNITS OF FT,SEC
FORLE = .14722042+006  POUNDSFORCE

FHE VALLE 1S UNCIICKED

THE MISSILE 15 FREE AMD ACCELERATING
THE VALVE OPENMNING SIZE IS (SORIN) 784999934002

THIS IS THE CALZ FOR POSITION a3 TiME .83000000-002 . _
FLASK | RESSURE I5,PSI, .91333253+003 TUBE PRESSURE IS .90257124+4003

X I3 .61095474+CC3 XCOT IS .78453077+002 VELDOT IS .946€63649+004UNITS OF FT,SEC
FORCEL = ,145503244006  POUNDSFORCE

THE VALVE 1S UNCHIKED
THE MISSILE [S FPRE AND ACCELERATING

THE VAILVE QpvNINGS SIZE IS (SRRING |, 784999994002

THIS i$S THE TALC FUGR POSITION 83 TIME .83999999-002

FLASK URESSUSE [%,PSI, .©1215070+002 TUBE PRESSURE IS ,901164504003  __ _ _ _ __  __ _
X 1S .61680006+020 XDOT S .79399714+002 VELDOT IS .94516106+004UNITS OF FT,SEC
FORCE = .14075413+006  POUNDSFORCE

THE VALVE 1S UNCHTKED
THE MISGILE 1S FRUE AND ACCELERATING
THE VALLE OPTNLIND SILE IS (SQRIN) . 78409999+4002

THE VALVE IS LNCHUKED
THE MESLILE 1S FRIE AND ACCELERATING

FORCE = .1440652%+008 POUNDSFORCE

THE VALVL 1S LNCHUKED
THE MISSILE IS FREE AND ACCELERATING

s THIS IS5 THE CALC FON POSITION 85 TIME .85000000-C02

ﬁ- FLASK ©DESSURE 1%,PSI, .9109%775.+003 TUBE PRESSURE IS .89974574+4003

& X 1S ,v2674025+000 XUCT IS  .30344R874+002 VELDOT IS__.94267303+40C4UNITS_OF F7,SEC_ __ _

- FORCE - .14%5330R+006  DOUMDSTORCE

- THE VALVE [S§ UMIHMTKED e e e e e e

-, THE MISGILE I3 FREE AND ACCELERATING

. THE VAL E QPiNINS SIZE IS (SSCRIN) L 78499999+002

¥ THiIS IS 'THE GALC E0OR POSITION a3 TIME .859999¢3-002 | e e e n e o e

= FLASY FnRZ3u-C 1S.PSI, .905753784C03 TUBE PRESSURE 1S .5v831516+003

. X IS .5u477452+000 X001 15  ,812835474002 VELDOT IS .94217261+4004UNITS OF FT,SEC
FORCE -  ,145700°0+4C06  POUMDSFORCE

- THE VALVE OP!RING STZE IS (SQRIN) . 78199399%+002

. THIS I3 THE C*.. FOR POSITICN 87 TIME  .87000000-902

i FLASK PRESSURE 15,7SI, 908538124003 TUBE PRESSURE 1S .89687324+4003_ _  __  _ . .
K X IS 042303284000 XCCT IS  .B82220719+4002 VELDGT IS .230¢6041+003UNITS OF FTY,SEC




THE VALVE OPEMING SIZE IS (SQRIN) .78499999+002 .
THIS IS THE CALC FOR POSITION 88 TIME .88000000-003
FLASK PRESSURE 1S,PS1, .90731329+003 TUBE PRESSURE IS .89541975+003

X IS .65112645+000 XCOT 1S .831713784002  VELDGT 1S .93913583+003UNITS OF FT,SEC
FORCE = .14582R55+006  POUNDSFORCE

THE VALVE 1S UNCHIKED

THE MISSILE IS FREE AND ACCELERATING

THE VALVE OPENING SIZE IS (SQRIN) .78499399+002
THIS 1S THE CALC FOR POSITIOM 89 TIME .82000000-002 _
FLASK PRESSURE 1S,PSI, .9C6077004003 TUBE PRESSURE IS .84395531+003

X IS .552443594000 XDOT 1S .B4110514+002 VELDOT IS .93759991+004UNITS OF FT,SEC
FORCE - ,14553005+006 POUNDSFORCE

THE VALVE 1S UNCHCKED

THE MISSILE IS FWEE AND ACCELERATING

THE VALVE QPENING SIZE IS (SQRIN) .78499999+002

THIS IS THE CALZ FOR POSITION 90 TIME .90000000~002
FLASK FRESSURE 1S,PS51, ,90483020+003 TUBE PRESSURE IS .BY42479¢7+4003  _ _ . __
% 1S .6R78SA4324000 X0QT 15  .8504B8113+002 VELDCT IS .93505222+4004UNITS OF FT,SEC
FORCE = .145349724006  FOUNDSFORCE

T}iE VALVE 15 UNCIHIOKED

THE MISSILE !S FRTE AND ACCELERATING

THE VALVE OP:NITS SIZE IS (SQRIN) . 78499999+002 e
THIS s THE CALC FOR POSITION 91 TIME .90999993-002

FILASK FRESSURE IS.PSI, .80357298+003 TUBE PRESSURE 1S .89099311+003
X IS .67635912+2090 XDOT IS .85984164+002 . VELDOT 1S__ .93449309+0Q4UNITS OF FT,SEC
FORCE = .145107¢2+006  POUNDSFORCE

THE VALVE I5 UNCHOKED e e e e
THE MISSILE IS FREE AND ACCELERATING

THE VALVE OPFRMING SIZE IS (SQRIN) . 78499099+4002

THIS IS THE CALZ FOR POSITION 92 TIME .92000000-002_ ___ e e
FLASK PRESSURE [S,PSI, .9(GI30546+4003 TUBE PRESSURE IS .BB949578+003

X 1S .63395745+CC0 XCOT 1S .B6918657+002 VELDOT IS .93252266+004UNITS OF FT,SEC
FORCE = .14.186377+4006  POUNDSFORCE _ e
THE VALVE IS UNCHTKED

THE MISSILE 1S FREE AND ACCELETATING

THE VALLE OPENINS SIZE 1S (SORIN) . 784999994002

THIS 15 THE CALL FOR POSITION 93 TIME .92999599-002
FLASK RESSURE 1S5,PSI, .9010277(:+003 TUBE PRESSURE S ,8R738R823+003 el
X 15 .%£0364372+000 XDOT IS .8B7851580+002 VELDOT IS .93134156+004UNITS OF FT,SEC
FORCE = .14461825+4006  POUNDSFORCE

THE VALVE IS UNCHOKED

THE MISSILE IS FRFE AND ACCELERATING

THE VALVE QPENING SIZE IS (SQRIN)  .78499999+002 .

THIS IS THE CALC FOR POSITION 94 TIME  ,94C00000-002

FLASK FRESSURE I1S,PSI, .80674003+4C03 TUBE PRESSURE IS .83G47019+003
X IS .70243487+000 XDOT IS .88782921+002  VELDOTY_ IS _.92974935+004UNITS O FT,SEC____
FORCE = ,144371G24006  PCUNDSFORCE

THE VALVE IS UNCHOKED
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OPENING SIZE IS (SQRIN) .784999%9+002

4
~OPY uvauebiu f 1), UOEs ROt

Peamit fully logible seproduction

C-20




THIS 1S THE rALC FOR POSITION - ©5 TIME .9499%9992-002 .
FLASK PRESSURE IS,PSI, .HUB44236+003 TUBE PRESSURE 1S .8%.94170+003
A IS .71131316+0CC XDOT IS .89712669+002 VELDIT 1S .92B14624+004UNITS OF FT,SEC
FORCE = .14412220+006  POUNDSFCRCE e
THE VaLVYT 15 UNCKTKED
& THE MISSTLE 1S fREE AND ACCELERATING ] e e
- THE VALVE OPENING SIZE IS (SORIN) . 78499999+002
o THIS 15 THE CALC FOR POSITION 96 TIME .96C0000C~-002
2 FLASK ©resSSyne 1S,PSI, .89713487+003 TUBE PRESSURE IS .843402%6¢003
" X 1S .7:00284.12+000 XCOT 1S .905640815+002 VELDST IS .92653301+002UNITS OF FT,SEC
FORCE = .14387i59+006 POUNDSFORCE
THE VALVE 1S UNCHTKED oo
% THE MIZSILE 15 FREE AND ACCELERATING
b THE VALVE CPEMIMG SIZE IS (SQRIN) .7849929099+002 o o o
- THIS IS THE CALC FOR POSITICN o7 TIME ,96999699-002
- FLASK FPES3URE 18,PS1, ,8058177¢+003 TUBE PRESSURE IS .85185546+003
. X IS .7093385C+0C0 XDUT 15 .91567348+002 VELDOT IS _.92490933+004UNITS OF FY,SEC
Ry FORCE =  .14301%96+006  POUNDSFORCE
E! THE VALYE 1S UNCHTAED e
- THE MISSILE !S5 FREE AND ACCELERATING
. THE VALLE OP<tiInG SIZE IS (SQRINY . 784999994002
s THIS 1S THE CALC FOR POSITICN 03 TIME ,98000000-Cc02 e
- FLASK PRESSUNE 75, PSI, .89239096+003 TUBE PRESSURE 1S .83029767+4003
. X IS .73650524+0C0 X207 I8 .92492256+002 VELDOT IS .92327548+004UNITS OF FT,SEC
. TORCE - .14733S7G+006  POUNDSFORCE e e e e
THE VALVE IS U CHOKED
- THE MISUILE IS SRZE AND ACCELERATING e e
- THE VALLVE COPEMING SIZE IS (SQRINY  .78499999+C02
- THIS 1S THE L ALC “0OR POSITICN 99 TINE  ,98999999-002
et FLASK PNISSYLE 1S, BST, .8u215476+003 TUBE PRLSSURE IS .878730214003
. X IS (747754374000 XCCT 1S .93415531+4002 VELDOT IS .92183159+004UNITS OF FT,SEC
- FORCE - .13,1iC504¢505  POUNDSFORCE
THE VALVE IS LMCHCKED
’ THE MISCILE 1S FREE AND ACCELERATING
o THE YALYE OPENING SIZE IS (SQRIN) . 78499999+002 e e
. THIS 15 THE CALL FOR ©90SITICH 100 TIME .10000000-001
- FLASK FRESSURE §%,PST, 871109234003 TUBE PRESSURE 1S .8,715379+003
i X I5 .7%709G01+0C0 X707 I3 .93337162+4002 VELDCT 1S .91907811+003UNITS_OF FT,SEC.
a FORCE = .14237272+4GCS  POUNDSFORCE
THE VALVE IS <NCHUKED e
THE MISSILE 15 FREL AND ACCELERATING
. THE VALWE OPFMING SIZE 15 (3QRIN) . 784929994002
., THIS IS THE Ca'2 FOR POSITION 200 TIWME .20000009-2C1 . _ e
g FLASK FELSSURE 15, PSI, ,72920173+4003 TUBE PRLSSURE 1S .6u0L8C125+003
X 4 1S Lu12G44874001 XDOT 1S .17717900+003 VELDOT 1S .72%820524004UNITS OF FT,SEC
N FORCE = .142:51:54+4006 POUNDSFORCE e e e
THE VALVE 1S UNCHUOKED
THE MISSTLE IS FREE AND SCCELERATING ) o
THE VALVE OPEMING SIZE IS (SQRIN) . 734999¢9+002
5 THIS IS THE CALC FCR POSITION 300 TI{ME .30CC0C00-001
Jopy avauabiv 1o DTLC does sod
amaxit fully legible reptoduction
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T FLASK PRESSURE 15,PSI, .56383281+4003 TUBE PRESSURE IS .529154014003
oy X 1S .42300144+001 X0OT IS .24123565+003 VELDOT IS .55448832+4004UNITS OF FT,5EC
e FORCE = .861783124005 FOUNDSFORCE

THE VALVE 1S UNCHOKED
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OPENING SIZE IS (SQRIN) .78499999+002

THIS 1S THE CALC FOR POSITION 400 TIME .40000000-001 ~ ~ ~
FLASK PRESSURE [5,HSi, .430439944003 TUBE PRESSURE 1S .40173729+003
X 1S ..83375014+001 XDOT IS .2R3768953+093 VELDCT IS .421.5087+004UNITS OF FT,SEC_ -

YORCE = ,553127154+005 POUNDSFORCE

THE VALVE 13 UNCHOKED
THE MISSILE IS FREE AND ACCELERATING
THE VALVE OPONING SIZE IS (SQRIN) .78499999+002

THE vaive IS UNTHOKED
THE M]SGTLE 15 FREE AND ACCELERATING
THE VALY E GPEYIING SIZE 1S (SQRIN) 784999994002

FORCE = .319237853+005 POUNDSFORCE

*xexFINAL VELOCITY 1S .39322717+003 FT/SEC e
Xs  .20010107+002 PTUBE= .16828612+003 PFLASK=  .17666909+003
1 1S 776 T IS .775939999-001

PLOTYING COVMENCING

L A LSRRI

..... DISSFLA VEFSION 9.0 ...,
NO. GF 7IR5T PLOT 1

PLOT NO. 1 WITH THE TITLE

C-22

_ TH1S 16 THE CALC +OR POSITION 500 TIME .50000000-901 e e
et FLASK PRESSULE I1S,PST, .33126063+003 TUBE PRESSURE ]S .309879€0+003

A ¥ IS .Qi8309604+001 XDOT 1S .32686692+003 VELDOT IS .32500851+004UNITS OF FT,SEC

7; FORCE = 5015371604008 POUNDSFORCE R L

THIS 15 THE <3LC FOR POSITION 600 TIME .60000000-001
s FLASK PQESSURF 1S,PS1, .259263014003 TUBE PRESSURE IS .243973€6+003 ~ _ _ __
o X 15 . 13400526+002 X001 1S .35575774+003 VELDOT IS .25588512+004UNITS OF FT,SEC
- - FOSCE = .39723715+4005  POUNDSIORCE
-
S THE VALVE 15 LNCHOKED e e
R THE MISSILE TS FREE AND ACCELERATING
THE VALVE OPENING SIZE IS (SQuIM) .78499999+002 o e
THIS IS THE CALC FOR POSITICN 700 TIME .69999999-001
FLASK PRESSURE IS,¥SI, .206947921+003 TUBE PRESSURE IS .19¢610556+003
X IS 170759954002 XCOT 15 .37873104+003 _ VELDOY_IS_ _.20567980+004UNITS OF FT,SEC

pSI
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PRESSURE CHARAZTERISTICS __

HAS BEEN CCMPLETED.

PLUT ID.
PLOT 1
JOB=LEARN

READS

DATA FGCR PLGT

DISSPLA 9.0

NO. OF CJRVES DPAWN 2

HORIZ.
VERT.

AXTS LENGTH
AX1S LENGTH

6.0 INsS.
8.0 Ins.

ORTIGIN
URTGIN

HORIZ.
VERT.

.cooe
.CLCO

HORIZ. 2X!S LINEZR

STEP SI/E

.CE67-001 UNITS/INCH

VERT,
STEP SIZE

AXIS LINEAR

.200C+C03 UNIT3/INCH

LOCATION UF CURRENT PHYSICAL

K= 1.50

P N A ] .e

Y 1.12

. FROM LOWER LEFT CORNER OF PAGE

NG. OF FIRST PLOT

PLOT NC.
MISSILE VELOCITY
HAS BEEN COMPLETED.

PLOT 10. READS

o te v o e o _a

seee e s

2 %ITH THE TITWE

<

- A T T .

LA A R A . .
a A m T et e . e DRI
PRI W VLTS SR NG B JPR S0 R N5 AP AL IV SR S 0 NS WU /0" Wi

PLOTTING COMMENCING

s e 0 a0 s 0 s s g8 s 00y e

CISSPLA VERSION 9.0 .....
2 .

10.01.04 MON 26 guL, 1982

ORIGIN
INCHES

P L S S S Y S

e o o o s

P R & kT - M * > T LN T, U™

Cc-23




—— ——— " p— - T CICh AR B f?:
PLOT 2 10.01.06 MON_ 26 JUL, 1882 s
JOB=LEARN DISSPLA 9.0
DATA FOR PLOT ST S mmmemmo s T e T e e .
NO. OF (URVES DPALN 1 . i R e
HORIZ. 4X15 LENGTH 6.0 INS
VERT. AXIS LENGTH 8.0 INS ~ R L e -
HMORIZ. ORIGIN .0000
VERT. DRIGIN .C000 e R o
HORIZ. AX1S LINEAR
STEP SIZE .5833+001 UNITS/INCH e
VERT. AXIS LINEAR
STEP SI1ZE .B75C+002 UNITS/INCH o L L
. LOCATION 3F  CURRENT PHvéICAL ORIGIN . ST T T
. X2 1,50 Y= .12 INCHES .
. FROWM LOWER LEFT CCRNER OF PAGE e )
PLOTTING COMMENC ING T T o e e
.... DISSPLA VERSION 9.0 ..... i - e T T T e
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